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Abbreviations 
br s broad singlet O^MR) 
w-BuL i 77-butyl l i t h ium 
calc calculated 
CH3CN acetonitrile 
Cp* pentamethylcyclopentadienyl (C5Me5) 
dd doublet o f doublet OSfMR) 
D M E dimethoxyethane 
D M F N, A^-dimethylformamide 
D M P 2,6-d imethy l -4-pyrone 
Et2O d iethyl ether 
H M P A hexamethylphosphoramide 
IR Infrared spectroscopy 
L n Lanthanide 
m mul t ip le t O^MR) 
M e methy l 
M e O H methanol 
N M R nuclear magnetic resonance spectroscopy 
ppm part per m i l l i on ( N M R ) 
PPN bis(tr iphenylphosphoranyl idene)ammonium cation 
s singlet ON^MR) 
T H F tetrahydrofuran 
T M E D A N, N’ N\ N -tetramethylethylenediamine 
T M S t r imethy ls i ly l 
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Abstract 
The first part o f the thesis describes the coordination chemistry o f SmI3 w i th some 
donor solvents. Crystallization o f SmI3 f rom three donor solvents, THF, D M E and 
CH3CN, gave complexes [SmI2(THF)5][SmI4(THF)2] (1), SmI3(DME)2 (2) and 
[{Sm(H2C03WSm(CH3CN)(H2C03WSm(CH3CN)3(H2O))2C^3-OH)8C^6-O)]l8.2H2O 
(3), respectively. They were characterized by spectroscopic and X-ray analyses. The 
THF complex 1 is an autoionized product containing a discrete seven-coordinate 
pentagonal bipyramidal cation, [SmI2(THF)5]+ and a six-coordinate octahedral anion, 
[SmI4(THF)2]". The D M E complex 2 is a neutral species, which adopts a highly 
distorted pentagonal bipyramidal geometry. There are two independent molecules in 
the unit cell. Complex 3 is a cluster, which has an octahedral Sni60 unit core. The 
core is capped by eight hydroxyl groups on each delta face. The coordination number 
o f the three Sm atoms is 8, 9 and 9, respectively. The high oxophil ici ty o f Sm ion and 
relatively weak Sm-I bond may be the driving forces o f this reaction. These results 
suggest that SmI3 may have rich coordination chemistry and the structures o f its 
coordination compounds are not particularly predictable. 
The second part o f the thesis describes the synthesis and structural characterization o f 
closo- and exo-w/Jo-lanthanacarboranes. Reaction o f LnCl3 (Ln == La, Y , Yb) w i th 2 
equiv. o f Na2C2B9Hn generated the bent-sandwich type lanthanacaborane complex, 
(THF)2Na[(C2B9H11)2Ln(THF)2] (Ln = La (4), Y (5), Yb (6)). The single-crystal X -
ray analyses for 4 confirmed this structure. The La atom is coordinated by two 
dicarbollide dianions in r f fashion and two THF molecules to give a distorted 
tetrahedron. Equimolar reaction o f LnCl3 (Ln 二 L a ， Y , Sm, Er, Yb, Lu) w i th 
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Na2C2B9H11 gave bent-sandwich La complex (THF)2Na[(C2B9H11)2La(THF)2] (7) and 
hal f -sandwich type complex, (C2B9H11)LnCl2Na(THF)x for L n 二 Y (8), Sm (9)，Er 
(10) , Y b (11) and L u (12), respectively. A l l o f them were characterized by elemental 
and spectroscopic analyses. The format ion o f the bent-sandwich La complex may be 
due to the disproport ionation o f (C2B9H11)LaCl2Na(THF)x. This phenomenon has not 
been reported before in a C2B9 system. Partial hydrolysis o f 
(C2B9H11)LnCl2Na(THF)x yielded the ionic complex, [LnCl2(THF)5][C2B9H12], ( L n = 
Y (13), Y b (14), Er (15)). The molecular structure o f 14 was conf i rmed by X- ray 
analyses, wh i ch gives indirect evidence to support the proposed molecular structure o f 
those hal f -sandwich complexes. The reaction o f Na2[(PhCH2)2C2B9H9] w i t h SmI2 i n 
THF, fo l l owed by the addit ion o f D M E gave the f irst example o f a structural ly 
characterized exo-nido complex, [{(PhCH2)2C2B9H9)Sm(DME)2]2.(DME). This result 
provides the direct evidence for the f lux iona l process mechanism proposed by 
Hawthome. 
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I. Coordination Chemistry 0 f S m I 3 with Donor Solvents 
1.1. INTRODUCTION 
Organometal l ic chemistry o f rare earth elements began after the synthesis o f 
tr is(cyclopentadienyl) lanthanide complexes i n the mid- twent ieth century? Due to the 
extremely moisture and air sensitive properties, handl ing f -b lock organometall ic 
compounds is, however, st i l l d i f f i cu l t i n the late 1970s. Therefore, the chemistry o f 
them was a curiosity unt i l the m o d e m preparative techniques were employed and their 
preparation becomes available. The rapid development in this f ie ld has been achieved 
and a large numbers o f organolanthanide complexes have been prepared w i t h dif ferent 
( i ) number o f the cyclopentadienyl l igand; ( i i ) substituents on the cyclopentadienyl 
r ing; ( i i i ) isolobal analogous l igand as cyclopentadienyl; ( iv) valence o f metal ions. 
As the f irst example, the tr is(cyclopentadienyl) lanthanide complexes become the best 
investigated class w i t h i n a series o f organo rare earth compounds. They can be 
prepared by the reactions o f LnCl3 w i t h NaC5H5 i n THF, Et2O or benzene (Equations 
1.1 and L2). The radioactive derivative, (C5H5)3Pm, was synthesized by making use o f 
neutron bombardment o f the (C5H5)3Nd, fo l lowed by subsequent y^-decay process 
(Equation I.3). 
LnCl3 + NaC5H5 - ^ ~ ~ • (C5H5)3Ln + NaCl (I.1) 
( L n = L a , Ce, Pr，Nd, Sm, Eu , Gd , Cy，Er, Y b ) 
Et2O or benzene 
LnCl3 +KC5H5 ^(C5H5)3Ln + MCl (I.2) 
( M = N a , K ; L n 二 T h , Ho，Tm, L u ) 
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(n, y) P 
i % d ( C 5 H 5 ) 3 • 1 5 i N d ( C 5 H 5 ) 3 ^ i 5 i p m ( C 5 H 5 ) 3 ( I . 3 ) 
Tris(cyclopentadienyl) rare earth complexes can also be prepared by m i x i n g the rare 
earth metal powders w i th the cyclopentadienyl-coordinated oxidat ive metal compounds 
such as C5H5Tl^ and (C5H5)2Hg^ (Equation L4). Some o f the ( C 5 H 5 ) 3 L n compounds were 
characterized by X- ray crystal lography. In the sol id state, the coordinat ion sphere o f L n 
was completed by rf-C5H5 and one r7^  or r f cyclopentadienyl l igand f r o m the 
neighbor ing ( C 5 H 5 ) 3 L n uni t to f o r m a po lymer ic structure w i th coordinat ion number o f 
8-11 depending upon the radi i o f metal ions. 
n L n + (C5H5)JV[ • n ( C 5 H 5 ) 3 L n + M (I.4) 
M = T1, n = 1 
M = Hg, n = 2 
The above tris l igand complexes are generally considered to be coordinat ively saturated 
species, wh ich are d i f f i cu l t to be converted to other derivatives. In order to overcome 
this d i f f i cu l ty , less cyclopentadienyl substituted lanthanide complexes, bis or 
mono(cyclopentadienyl) rare earth complexes, were f i rst described in 1963 by Dubeck 
et. al.4'5 The synthetic method was simi lar to the tris l igand derivatives by using 2 or 1 
equiv. o f cyclopentadienyl salt instead, respectively. They are the important 
intermediates because the halide group attached gives the possibi l i ty for a lky lat ion and 
funct ional izat ion. 
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However , such preparative method was not applicable to the l ight lanthanides because 
the large size o f the l ight lanthanides can cause the l igand redistr ibut ion, or say, 
disproport ionat ion reaction to fo rm more thermodynamical ly stable tr is l igand 
complexes,4'5 wh ich is shown in Scheme I.1. I t is interesting to note that the backward 
reaction is another synthetic method for the mono or bis l igand complexes for the 
middle and heavy lanthanides.^'^ 
3 Ln(C5H5)nX(3-n) ^ 、(3-n) LnX3 + n Ln(C5H5)3 (n = 1 or 2) 
Scheme 1.1 
The stabi l izat ion o f m o n o or bis l igand o f l ight lanthanide complexes was achieved by 
employ ing the bu lky substituted cyclopentadienyl or bridged cyclopentadienyl 
ligands.6'7,8 p^j. example, Wayda and Evans used [C5Me5]" as a l igand to prepare 
neodymium complex.^ 
Af ter lots o f encouraging results obtained in synthesizing various types o f complexes, 
their applications in organic synthesis were largely interested by not only 
organometall ic but also organic chemists. As the samarium ( I I ) iodide has been 
developed to be a mi ld , ether-soluble one electron reducing agent that is w ide ly used 
in organic chemistry,^ the cyclopentadienyl complex o f Sm(I I ) and a series o fd iva len t 
lanthanide analogs were synthesized. The bis(cyclopentadienyl) europium and 
yt terbium complexes were f irst prepared f rom the reaction o f metal w i t h 
cyclopentadiene in l iqu id ammonia i n 1965," and the structure o f the 
pentamethylcyclopentadienyl samarium analog (C5Me5)2Sm(THF)2 was reported i n 
1981.12 This T H F solvated complex has a bent-sandwich structure w i t h a distorted 
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tetrahedral geometry (Figure 1.1). Latter on, the non-solvated version o f this 
bis(pentamethylcyclopentadienyl) complex (C5Me5)2Sm was also synthesized and 
1 ^  
structural ly characterized (Figure I.2). Thei r reactivit ies were summarized i n Scheme 
1 2 14,15,16,17 




Figure 1.1 Crystal Structure o f (C5Me5)2Sm(THF)2 
^ ? ° 
¢ ^ ¾ ^ " ' 
^ ^ ^ A _ ^ ¾ ^ " 
Figure 1.2 Crystal Structure o f (C5Me5)2Sm 
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Scheme 1.2 Reactivies o f (C5Me5)2Sm 
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As mentioned above a large number o f organolanthanide complexes were known, to 
synthesize these complexes, lanthanide trihalides are the commonly used starting 
materials. I n this regard, their structure could provide some valuable in format ion for 
us to analyze and predict the mechanisms o f inorganic and organometal l ic 
reactions.i8'i9 
Lanthanide trihaildes have shown to have very r ich coordinat ion chemistry w i t h 
various organic solvents. In the case o f lanthanide tr ichlor ide, there are many kinds o f 
structure known. The T H F solvated complexes can be div ided into several categories 
upon their geometries. The Nd,^^ Sm^° and Eu^^ complexes, [LnCl3(THF)4], are seven-
coordinate pentagonal b ipyramid w i t h the axial posit ions occupied by two C1 atoms 
22 I * 
(Figure I.3). Another monomeric type was found in Y b complex, [YbCl3(THF)3], 
wh ich was i n the octahedral geometry (Figure 1.4). The YCl3,^^ TbCl3^^ and DyCl3^^ 
autoionize i n T H F to give two charged species. The cations, [LnCl2(THF)5]^, are in the 
pentagonal b ipyramidal geometry and their counter ions, [LnCl4(THF)2]-, are distorted 
octahedron (Figure 1.5). The seven-coordinate polymeric complexes, [LnClC^-
Cl)2(THF)2]oo (Ln = Y，23 Ce24 ^ d Nd^^), were also structural characterized. They adopt 
pentagonal bipyramidal geometry w i t h the axial positions occupied by one C1 atom 
and one T H F molecule, respectively (Figure 1.6). The dimeric complex, [Cl2YbC^-
Cl)(THF)2]2, is identi f ied to be six-coordinated and constructed as an octahedral 
geometry (Figure 1.7).26 〇。the other hand, i f f-caprolactone (C6H10O2), was used as a 
donor solvent，different results were observed. In the case o f Sm^^ and Nd,^^ 
monomeric ion pair complex, [Cl3LnC^-Cl)3LnCl3)]^"[Ln(C6H10O2)8]^^, was isolated 
(Figure 1.8)’ and the Y complex YCl3(C6H10O2)3,^^ however, is a neutral species, 
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which is six-coordinate distorted octahedron (Figure 1.9). The H M P A complexes o f 
PrCl3(HMPA)3^^ and YbCl3(HMPA)3^^ were also structurally characterized (Figure 
I.10). 
cu 
^ f i X # ^ -
^ ^ ¾ 
c ^ « ^ ^ ^ ^ « 
Figure 1.3 Crystal structure o f LnCl3(THF)4 (Ln = Nd, Sm, Eu) 
O02 
^ 4 ¾ ¾ 
cs 
C3C^ ^pC12 
c i ( ^ > - ^ a i 
Figure 1.4 Crystal structure ofYbCl3(THF)3 
i % & 1 
" 令 乂 ^ 。 
會 普 
C6 
Figure 1.5 Crystal structure o f [LnCl2(THF)5][LnCU(THF)2] (Ln = Y , Tb, Dy) 
Y^^' 
d r ^ C6 
Figure 1.6 Crystal structure o f [LnClC^-Cl)2(THF)2]x (Ln = Y，Ce，Nd) 
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Figure 1.7 Crystal structure o f [Cl2YbO/-Cl)(THF)2]2 
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Figure 1.8 Crystal structure o f [Cl3LnOi-Cl)3LnCl3)][Ln(C6H10O2)8] O^n = Sm, Nd) 
C3 ®cn 
: ^ ^ ^ " " : ^ K ^ " 
^on ⑵ 作 "4 
: A : 
C«^—^Ct4 
Figure 1.9 Crystal structure ofYCl3(C6H10O2)3 
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减 
0(Z)<^%7 ^ 
" ( 3 ¾ ^ ^ ! ^ 
« c 
^ ^ W 
Figure 1.10 Crystal structure ofLnCl3 (HMPA)3 (Ln = Pr, Yb) 
The complexes EuCl3a)yridine)4'' (Figure 1.11)，/^r-GdCl3(DMP)3'^ (DMP = 2,6-
dimethyl-4-pyrone) (Figure I.13) and LnCl3(DME)2 (Ln = G d ^ Y ^ D M E = 
dimethoxyethane) (Figure L14) were reported to be monomeric. 
C(17>^ -<'^  
O ^ ^ i ^ 3 “ 勢 ⑶ ” 
CWJ T^(5) N(4)^(;(20> 
" ^ f e 
^ > " ^ < ^ ” 
Figure 1.11 Crystal structure ofEuCl3(pyridine)4 
^ ^ X -
Figure 1.12 Crystal structure o f GdCl3(DMP)3 
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Figure 1.13 Crystal structure o f L n C l 3 (DME ) 2 ( L n = Gd, Y ) 
SmI2 has been used as a very power fu l reagent in organic synthesis for a long t ime. 
However , its coordinat ion chemistry w i t h T H F , D M E and H M P A is jus t studied. 
SmI2(THF)5^^ is a seven-coordinate pentagonal b ipyramidal complex (Figure 1.14). 
SmI2 (DME)(THF)3 was isolated by dissolv ing SmI2(THF)5 i n D M E / T H F (1:10) 
mix ture (Figure 1.15).34 Recrystal l izat ion 0 f S m I 2 from D M E / T H F (1:10) mixture gave 
SmI2(DME)2(THF).34 Both o f them are seven-coordinate pentagonal b ipyramid 
(Figure 1.16). The H M P A complex o f SmI2, [SmI2(HMPA)4] , was shown to have a 
distorted octahedral geometry i n a trans manner (Figure 1.17).35 jV-methyl imidazole 
gave a dimeric compelx, [SmIC^-I)(A^-MeIm)3]2 (Figure 1.18).37 Another complex 
[Yb(HMPA)4(THF)2]I2 was isolated from the mixture o f H M P A y T H F and YbI2. I t is a 
six-coordinate complex w i t h four H M P A and two T H F molecules i n a trans manner. 
The two iodide ions are non-coordinat ing in nature (Figure 1.19).35 The Sm(I I ) can 
fo rm the eight-coordinate structure by dissolving SmI2 in (CH3OCH2CH2)2O. The 
trans- isomer o f the complex, [ S m t K C H s O C H i C H � )�。 } ! ]， w a s structurally 
characterized (Figure 1.20). The f irst crystal lographical ly characterized example o f 
T m ( I I ) complex, the TmI2(DME )3 , was very recently reported by Evans and co-
M. Phil. Thesis. Coordination Chemistry of Sml3 with Donor Solvents 
Introduction Page 17 
workers. I t is a seven-coordinate pentagonal bipyramid wi th axial positions occupied 
by two I atoms (Figure 1.21).36 
12 
0 4 ¾ 
i • 
Figure 1.14 Crystal structure ofSmI2(THF)5 
會 
Figure 1.15 Crystal structure ofSmI2(DME)(THF)3 
^ 4 
伊 
Figure 1.16 Crystal structure ofSmI2(DME)2(THF) 
^ ^ ^ ^ 
Figure 1.17 Crystal structure 0 f S m t ( H M P A ) 4 
M. Phil. Thesis. Coordination Chemistry of Sml3 with Donor Solvents 
introduction Page 14 
ca 
« 4 ^ >ci (Ly 
Y Y p 
m ^ 
“ " 1 1 > 
C12 @ 
Figure 1.18 Crystal structure of [SmIC -^I)(A -^MeIm)3]2 
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Figure 1.19 Crystal structure o f [Yb^ IMPA)4 (THF)2 ] l2 
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Figure 1.20 Crystal structure o f [ S m I 2 { (CH3OCH2CH2 ) 2 O h ] 
c f 
" ^ " ^ ¾ ^ 
^ " ^ ^ o T T ^ 
CT c» a 
Figure 1.21 Crystal structure o fTmI2 (DME )3 
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The coordination chemistry o f SmI3 w i th iV-methylimidazole (iV-MeIm) and H M P A is 
recently reported. [Sm(iV-MeIm)8]I3 is an eight-coordinate square antiprism complex 
(Figure 1.22).37 [SmI3(HMPA)2(H2O)5] -2HMPA^^ (Figure 1.23) and 
[SmI3(HMPA)3(H2O)4]^^'^^ (Figure I.24) have the pentagonal bipyramidal geometry 
w i th two H M P A molecules in the axial positions. 
4夢 ‘ 
r A ^ _ ^ ^ 
^ ^ K 
Figure 1.22 Crystal structure o f [Sm("-MeIm)8]I3 
(& 
11 
^ % f ' 
^ : - ^ ^ ^ ^ ^ ^ ^ ^ ; ^ C , 5 
| ^ : 番 宁 
' 4 ^ , J J -
1 ^ ^ ^ a i 
^10 c22 
Figure 1.23 Crystal structure o f [Sm l3 (HMPA)2 (H2〇y .2HMPA 
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Figure 1.24 Crystal structure o f SmI3(HMPA)3(H2O)4 
I t may conclude that as the lanthanide metal varied, the series o f complexes do not 
vary smoothly in composi t ion as a func t ion o f radial size. The structural diversi ty o f 
the lanthanide haIides makes systematic predict ion impossible w i t h changing the 
metals or donor solvents. I n v iew o f the coordinat ion chemistry o f lanthanide halides 
w i t h organic solvents, the lanthanide t r i iod ide complexes are much less studied. I t is 
interesting to know whether their structures are also diverse as those tr ichlor ides or 
s imi lar as those diiodides do. We propose to per form a systematic structural study o f 
SmI3 complexes in different donor solvents and hope to get some in format ion about 
the relationship between molecular structure and nature o f the solvent. 
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1.2 RESULTS AND DISCUSSION 
I.2.A Synthesis and Structural Characterization of [/rflW5-Sml2(THF)5] [trans-
SmI4(THF)2] (1) 40 
D r y O2 was bubbled through the T H F solut ion o f SmI2 w i t h continuously st i rr ing unt i l 
the color o f the solut ion changed to golden ye l low. A f te r removal o f most o f solvent 
and s low vaporizat ion o f T H F at room temperature, golden ye l low crystall ines were 
formed. I t was ident i f ied by elemental analysis and IR spectroscopy that shows the 
characteristic absorption o f T H F at 1020 and 850 cm'\ respectively. The molecular 
structure o f 1 was further conf i rmed by X- ray crystallography (Figure 1.25), wh ich 
has a simi lar structure to those o f [LnCl2(THF )5] [LnCl4(THF)2] ( L n = Y ^ T b ^ 
Dy25). The bond distances and bond angles are l isted i n Tables 1.1 and 1.2, 
respectively. 
Well-separated, alternated layers o f discrete octahedral anions and pentagonal 
b ipyramidal cations construct the lattice. The cationic species is a seven-coordinate 
pentagonal b ipyramid w i th two I atoms in a trans-mannQv. The previously reported 
isostructural examples are [YCl2(THF)5]^,^^ [CeCl2(THF)5]+,1 [TbCl2(THF)5]^,^^ and 
[DyCl2(THF)5]+.25 It is almost identical to the cation in the compound o f 
:Sml2(THFh][Co(CO)4]42 The I -Sm- I is nearly linear and the f ive T H F molecules are 
canted in a propel ler- l ike fashion. 
The centrosymmetric anion exhibits an almost perfect octahedron w i t h Sm-I distances 
o f 3.051(1) and 3.071(1) A , wh ich are signif icant ly longer than those o f the cation 
3.028(1) A but are comparable to the fo l l ow ing values o f eight-coordinate complexes, 
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(C5Me5)2SmI(THF) [3.043(2) and 3.053(2) A ] ^ (buC5H4)2SmI(THF) [3.045(2) A ] , ' ' 
(MeOCH2CH2C5H4)SmI2(THF)2 [3.086(4) and 3.092(1) A].^^ On the other hand, the 
S m - 0 distance o f 2.386(4) A is s igni f icant ly shorter than the value obtained i n the 
cation, 2.448(4) A and those o f organosamarium ( I I I ) T H F complexes ranging f r om 
2.45 to 2.52 A.43"45 
I n conclusion, the f i rst X - ray crystal structure o f a lanthanide t r i iodide T H F complex 
has been determined. Simi lar to YCl3, TbCl3 and DyCl3, SmI3 crystall izes as an ionic 
complex [SmI2(THF)5] [SmI4(THF)2] f r o m T H F rather than the simple coordinated 
compound. The occurrence o f this autoionizat ion may be due to favorable lattice 
energetic. 
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Table 1.1 Bond Lenghts o f l (A). 
S m ( l ) - I ( l ) 3 . Q 2 8 ( l ) | S m ( l ) - 0 ( l ) 2.449(4) 
S m ( l ) - 0 ( 2 ) 2.441(4) S m ( l ) - 0 ( 3 ) 2.455(4) 
S m ( l ) - I ( l a ) 3.028(1) S m ( l > 0 ( 2 a ) — 2.441(4) 
S m ( l ) - 0 ( 3 a ) 2.455(4) 0 (1 ) -C(1 ) 1.467(6) 
0 ( 1 ) - C ( l a ) 1.467(6) C ( l ) - C ( 2 ) 1.507(6) 
CQ)-C(2a) 1.492(9) 0 (2 ) -C(3 ) 1.463(6) 
0 (2 ) -C (6 ) 1.461(7) C(3)-C(4) 1.479(9) 
C(4)-C(5) 1.472(7) C(5)-C(6) 1 . 4 9 ^ 
0 (3 ) -C(7 ) 1.463(6) 0 (3 ) -C(10) 1.469(8) 
C(7)-C(8) 1.457(10) C(8)-C(9) 1.520(9) 
C(9)-C( 10) 1.466(8) Sm(2)-I(2) 3.051(1) 
Sm(2)-I(3) 3 . 0 7 1 ( l ) S m ( 2 ) - 0 ( 4 ) 2.386(4) 
Sm(2)-I(2b) 3 . 0 5 1 ( l ) S m ( 2 H ( 3 b ) 3.071(1) 
Sm(2) -0(4b) 2.386(4) 0 ( 4 ) - C ( l l ) “ 1.430(8) 
0 (4 ) -C(14) 1.475(6) C ( l l ) - C ( 1 2 ) 1.468(10) 
C(12)-C(13) 1.438(90|C(13)-C(14) 1.489(10) 
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Table 1.2 Bond Angles o f 1 (。). 
i n V S m ( l V O ( l ) 9 0 . 5 ( l ) | I ( l ) - S m ( l ) - 0 ( 2 ) ^ W ^ ) 
0 ( l > S m ( l ) - 0 ( 2 ) 1 4 3 . 7 ( l ) I ( l ) - S m ( l ) - 0 ( 3 ) 89.2(1) 
Q ( l ) - S m ( l ) - 0 ( 3 ) — 7 T 7 W 0 ( 2 ) - S m W - 0 ( 3 ) 144.5(1) 
I ( l ) - S m ( l ) - I ( l a ) f 7 9 : ^ O ( l ) - S m ( l ) - I ( l a ) 90.5(1) 
0 ( 2 ) - S m ( l H ( l a ) — W ^ 0 ( 3 ) - S m ( l ) - I ( l a ) 91.2(1) 
I ( l ) - S m ( l ) - 0 ( 2 a ) ~ 9 0 . 7 W 0 ( l ) - S m ( l ) - 0 ( 2 a ) 143.7(1) 
0 ( 2 ) - S m ( l ) - 0 ( 2 a ) 72.5(2) Q ( 3 > S m ( l > 0 ( 2 a ) 72.1(1) 
I ( l a ) - S m ( l ) - 0 ( 2 a ) 88.5(1) I ( l ) - S m ( l ) - 0 ( 3 a ) 9 1 . 2 f f l 
0 ( l ) - S m ( l ) - 0 ( 3 a r " 7 L ^ 0 ( 2 > S m ( l ) - 0 ( 3 a ) 72.1(1) 
0 ( 3 V S m ( l ) - 0 ( 3 a ) 1 4 3 . 3 m I ( l a ) - S m ( l ) - 0 ( 3 a ) 89.2(1) 
O r 2 a V S m r n - 0 ( 3 a ) 144.5(1) S m ( l ) - Q ( l ) - C ( l ) 125.3(¾ 
S m ( l ) - 0 ( 1 ) - C ( l a ) ⑵ ， ； ⑵ C ( l ) - 0 ( 1 ) - C ( l a ) 109.3(5) 
0 ( l K X l ) - C X 2 ) 1 0 函 C ( l K X 2 ) - C ( 2 a ) 臉 3 ( 4 ) 
S m m - O m - C ( 3 ) 125 .0(3) S m � - 0 � - C ( 6) 127.3(3) 
a 3 H X 2 ) - C ( 6 ) — 107.8(4) O m - C ( 3 ) - C ( 4 ) 106.3(4) 
C ( 3 K X 4 ) - C ( 5 ) 一 l O l ^ Q4 ) -C (5 ) -C (6 ) 104.4(4) 
O m - C ( 6 ) - C ( 5 ) — 1 0 ^ S m W - 0 ( 3 ) - C ( 7 ) 125.4(4) 
S m ( l ) - Q ( 3 > C ( 1 0 ) " " 125.4(3) C ( 7 ) - 0 ( 3 ) - C ( 1 0 ) 109.2(4) 
0(3VC(7 ) -C(8 ) 103.8(5) C(7)-C(8)-C(9) l _ ( 5 ) 
C(8)-C(9)-C(10) — 102.3(6) Q(3 ) -C( lQ>C(9 ) 擺 邓 ) 
i m - S m ( 2 ) - I ( 3 ) 8 W ^ I (2 ) -Sm(2) -0 (4 ) 9 1 . 5山 
I ( 3 V S m ( 2 > O W • r y I (2) -Sm(2)- I (2b) 删 ⑴ 
I (3)-Sm(2)- I (2b) 9 W y Q(4)-Sm(2)- I (2b) 88.5(1) 
I (2)-Sm(2)- I (3b) 9 0 ^ I (3) -Sm(2)- I (3b) 删 ⑴ 
0(4) -Sm(2) - I (3b) 87.8(1) I (2b)-Sm(2)- I (3b) 89.1(1) 
I (2 ) -Sm(2) -0(4b) 88 .5 ( l ) I ( 3 ) -Sm(2>Q(4b ) 87.8(1) 
0 (4 ) -Sm(2 ) -0 (4b ) 1 8 0 . 0 ( l ) I ( 2 b ) - S m f f l - 0 ( 4 b ) 91.5(1) 
I (3b) -Sm(2) -0(4b) 9 ^ ) S m m _ 0 ( 4 ) - C ( l 1) 122.9(3) 
Sm(2)-0(4) -C(14) 1 2 8 ： ^ C(1 l ) - O f f l - C ( 1 4 ) 108.1(4) 
0 ( 4 ) - C ( l l ) -C(12) 104.9(4) C(1 l ) -C(12) -C(13) m.6(7) 
C(12)-C(13>C(14) lQ7.8(5) |0(4)-C(14)-C(13) 102.6(5) 
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I.2.B Synthesis and Structural Characterization of SmI3(DME)2 (2) 
Recrystal l izat ion o f SmI3 f r om hot D M E gave complex 2 as golden ye l low crystals. 
The I R spectrum showed absorptions at 1073 and 850 cm'^ wh i ch correspond to the 
coordinated D M E molecules. X - ray analysis reveals that 2 is a monomer ic neutral 
complex, SmI3(DME)2, as shown in Figure I.26. There are 2 independent molecules in 
the uni t cell. Each o f them contains a seven-coordinate Sm atom bounded to two 
bidentate D M E molecules and three I atoms in pentagonal b ipyramidal geometry. 
Simi lar structures are found i n Gd^^ and Y^^ tr ichlor ide D M E complexes (Figure 1.13). 
The detail bond distances and bond angles are l isted i n Tables 1.3 and 1.4. 
The two independent molecules in the uni t cel l show almost identical conf igurat ion 
w i t h the average Sm-I distances o f3 .064 A [ranging f rom 3.054(2) to 3.072(1) A ] and 
3.069 A [ ranging f r om 3.058(2) to 3.079(1) A ] ， r e s p e c t i v e l y . These values are 
comparable to those o f the anionic species in 1. The average S m - 0 distances o f 2.463 
A [ranging f r om 2.447(9) to 2.479(10) A ] and 2.461 A [ranging f r om 2.446(9) to 
2.474(8) A ] are longer than those i n 1. 
The I ( l ) - S m ( l ) - I ( 2 ) and I (4)-Sm(2)- I (5) angles are 173.5(1)。and 170.6(1)。， 
respectively. The axial-equatorial angles range f rom 78.3(2)。to 105.1(2)° and from 
79.1(2)。to 109.3(2)° w i t h the average values o f 88.9。and 90.5。，respectively. Un l ike 
THF, D M E gave a simple coordination compound, SmI3(DME)2. This may be due to 
the dif ferent l igat ion property o f the solvents, bidentate vs. mondentate. 
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Figure 1.26 Crystal Structure o f 2 . 
M. Phil. Thesis. Coordination Chemistry of Sml3 with Donor Solvents 
Result and Discussion Page 28 
Table 1.3 Bond Lengths o f 2 ( A ) . 
S m ( l ) - I ( l ) 3 . Q 7 2 ( l ) | S m ( l H ( 2 ) 3.066(iT 
S m ( l H ( 3 ) 3 . 0 5 4印 S m ( l ) - 0 ( 1 ) 2.447(9) 
S m ( l ) - 0 ( 2 ) — 2 . 4 6 7 f f l S m ( l ) - 0 ( 3 ) — 2.457(10) 
S m ( l ) - 0 ( 4 ) 2.479(10) Sm(2)- I (4) 3.079(1) 
Sm(2)- I (5) 3.071(2) Sm(2)- I (6) 3.058(2) 
Sm(2) -0 (5 ) 2.474(8) Sm(2) -0 (6 ) 2.446(9) 
Sm(2) -0 (7 ) 2.449(9) S m f f l - 0 ( 8 ) 2.473(9) 
0 (1 ) -C (1 ) — 1.439(17) Q ( l > C ( 2 ) 1.464(16) 
0 ( 2 > C ( 3 ) 1-425(17) 0 (2 ) -C(4 ) 1.450(17) 
0 (3 ) -C(5 ) 1.423(17) Q(3)-C(6) 1.496(18) 
0 (4 ) -C(7 ) 1.452(18) CK4)-C(8) 1.400(16) 
0 ^ ^ ( 9 ) 1.445(16) 0 (5 ) -C(10) — l A 5 6 Q ^ 
0 ( 6 ) - C ( l l ) 1.418(15) 0 (6 ) -C(12) 1.472(17) 
0 (7 ) -C(13) 1.420(14) 0 ( 7 > C ( 1 4 ) 1.402(16) 
0 ^ ^ ( 1 5 ) 1.396(19) 0 (8 ) -C(16) “ 1.402(18) 
C(2)-C(3) 1.479(20) C(6)-C(7) 1.314(19) 
C q ^ C ( l l ) 1.506(19)|C(14)-C(15) 1.260(21) 
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Table 1.4 Bond Angles o f 2 (。). 
I ( l V S m ( l H ( 2 ) 1 7 3 . 5 ( l ) | l ( l > S m ( l H ( 3 ) 86.5(1) 
I(2)-Sm(l)-I(3) 96.2(l)I( l)-Sm(l>0(l) 105-1(2) 
I ( 2 > S m ( l ) - 0 ( l ) — 8 1 . 2 m I ( 3 ) - S m ( l ) - 0 ( 1 ) 83.3(2) 
I ( l > S m ( l ) - 0 ( 2 ) 7 8 . 8 m I ( 2 ) - S m ( l ) - 0 ( 2 ) 102.5(2) 
I ( 3 > S m ( l ) - 0 ( 2 ) 一 141.1(2) Q ( l ) - S m ( l ) - 0 ( 2 ) 66.6(3) 
I ( l ) - S m ( l ) - Q ( 3 ) 8 8 . 4 � I ( 2 ) - S m ( l ) - 0 ( 3) 86 .3(2) 
K 3 V S m r i V O ( 3 ) 78.3(2) 0 ( l > S m ( l ) - 0 ( 3 ) 156.4(3) 
0 ( 2 ) - S m ( l ) - 0 ( 3 ) 1 3 6 . 2 ( 3 ) I ( l ) - S m ( l ) - I ( 4 ) 94.2(2) 
I ( 2 ) - S m ( l ) - 0 ( 4 ) ~ ~ 80 .3仍1 (3 ) -8爪 (1 ) -0 (4 ) 145.6(2) 
0 ( l ) - S m ( l ) - 0 ( 4 ) ~ ~ 129.1(3) 0 ( 2 > S m ( l ) - 0 ( 4 ) 71.9(3) 
0 ( 3 ) - S m ( l ) - 0 ( 4 ) 67.4(3) I (4)-Sm(2)- I (5) 170.6(1) 
I(4) -Sm(2)-I (6) 8 6 . 4 m K 5 ) - S m m - I ( 6 ) 97 .0(1) 
I f f l - S m ( 2 ) - 0 ( 5 ) 79.1(2) I (5) -Sm(2)^0(5) 103.5口) 
I (6 ) -Sm(2) -0 (5) 139.1(2) I (4 ) -Sm(2) -0 (6 ) 109.3(2) 
I ( 5 > S m ( 2 ) - 0 ( 6 ) ~ " 79.9(2) I (6 ) -Sm(2) -0 (6) 83.4(2) 
0 (5 ) -Sm(2 ) -0 (6 ) 66.3(3) I (4 ) -Sm(2) -0 (7) 90.5(2) 
I ( 5 > S m � - 0 ( 7 )— 81 .9 (2) I ( 6 ) - S m ( 2 ) - 0 ( 7 ) 146.9(2) 
Q(5) -Sm(2) -0 (7 ) 71.9(3) 0 (6 ) -Sm(2 ) -0 (7 ) 128.3(3) 
I f f l - S m m - 0 ( 8 ) 89 .3 (2) I ( 5 ) - S m � - 0 ( 8) 82 .6(2) 
I ( 6 ) - S m C T - 0 ( 8 ) 一 8 即 ） 0 ( 5 ) - S m � - 0 ( 8) 136.0(3) 
0 ( 6 ) - S m ( 2 ) - 0 ( 8 ) ~ ~ 154 .8 (3 )Q(7>Sm(2) -0 (8 ) 65.9(3) 
S m ( l > 0 ( l ) - C ( l ) ~ ~ 129.1(8) S m ( l ) - 0 ( l > C ( 2 ) 114.7(8) 
C ( l > 0 ( l ) - C ( 2 ) 108.2(9) Sm(l ) -CK2)-C(3) 114.6(8) 
Sm( l ) -Q(2 ) -C(4 ) 126.0(7) C ( 3 H X 2 ) - C ( 4 ) 1 1 1 . _ ) 
S m ( l ) - 0 ( 3 ) - C ( 5 ) 129.7(8) S m ( l > 0 ( 3 ) - C ( 6 ) 106.3(8) 
C(5) -0 (3) -C(6) 114.2(11) S m ( l H X 4 ) - C ( 7 ) 115.2(8) 
S m ( l > 0 ( 4 ) - C ( 8 ) 125.9(8) C(7) -0 (4 ) -C(8) 112.1(11) 
S m ( 2 ) - 0 ( 5 ) - C ( 9 ) ~ ~ 126.8(7) Sm(2) -0 (5 ) -C( lQ) 114.8(7) 
C(9) -0(5) -C(10) 1 0 8 . 9 ( 9 ) S m ( 2 ) - 0 ( 6 ) - C ( l l ) 117.9(8) 
S m m - 0 ( 6 ) - C ( 1 2 ) 126.3(8) C ( l l ) - 0 ( 6 ) - C ( 1 2 ) H0 .4 (9 ) 
Sm(2VO(7)-C(13) 126.5(7) Sm(2) -0(7) -C(14) 116.8(7) 
C(13) -0(7) -C(14) 112.7(10) Sm(2)-0(8) -C(15) 111-9(8) 
S m ( 2 ) - 0 ( 8 ) - C ( l " ^ 126.5(9) C(15) -0(8) -C(16) 114.6(12) 
0 ( l ) - C ( 2 ) - C ( 3 ) 105.2(10)0(2) -C(3) -C(2) 107.8(11) 
0 (3) -C(6) -C(7) 114.4(12) GK4)-C(7)-C(6) 111.7(13) 
0(5) -C(10) -C(11) 106.8(10) 0 ( 6 ) - C ( l l > C ( 1 0 ) 107.7(9) 
0 (7VC(14) -C(15) 114.5(14)|0(8)-C(15)-C(14) 126.3(15) 
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I.2.C Synthesis and Structural Characterization of [{Sm(P2O)3h{Sm(CH3CN) 
(H2O)3h{Sm(CH3CN)30H2O))2C"3-OH)80^-O)]l8.2H2O (3). 
Recrystal l izat ion o f SmI3 from a mixture o f CHsCN/^-hexane gave 3 as ye l l ow 
crystals. The I R analysis o f 3 shows strong peaks at 2272 and about 3500 cm"' wh i ch 
can be assigned to be the absorption o f C = N group o f acetonitri le and O H groups o f 
H2O molecules attached, respectively. The molecular structure o f 3 is shown in 
Figures L27a and I.27b. The cation is a centosymmetric cluster w i t h a net charge o f 
8+. The central 0 atom sets at the inversion center and bonds to six Sm stoms in a j j^ 
fashion to f o rm a perfect octahedral unit Sni60. Eight O H groups are capped on each 
face o f the octahedron in a /i3 fashion (Figure I.27a). The coordinat ion environment 
for three independent Sm atoms is, however, di f ferent f rom each other. Their 
coordinat ion spheres are completed by either three H2O molecules or three H2O 
molecules and one CH3CN molecules or one H2O molecule accompanied three 
CH3CN molecules. The coordinat ion number for Sm atoms is 8, 9 and 9, respectively 
(Figure I.27b). There are eight non-bonding I atoms and two water molecules in the 
unit cell. Tables 1.5 and 1.6 l ist the detail bond lengths and bond angles o f 3 . 
The Sm-0 (1 ) distances range f rom 2.488(1) to 2.639(1) A w i th an average value o f 
2.576 A . The average Sm-0(1 ) -Sm angle is 90.0(1)。（ranging f rom 89.8(1)。to 
90.2(1)°). The Sm6〇 core is an almost perfect octahedron. The Sm-Sm (vertex to 
vertex) distances range f rom 3.599(1) to 3.706(1) A w i t h an average value o f3 .644 A . 
The Sm-OH (hydroxy l ) distances range f rom 2.390(8) to 2.433(9) A w i t h an average 
value o f2 .402 A wh i ch is similar to that o f eight-coordinate Sm complex [SmCp*2C^-
OH)]2 [2.40(2) A].^ 
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Figure I.27a Crystal Structure o f the core o f 3. 
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Table 1.5 Bond Lengths o f3 (A). 
Sm( l ) -Sm(2 ) 3 .599( l ) |Sm( l ) -Sm(3) 3 . 7 Q ^ 
S m ( l ) - 0 ( 1 ) 2 . 6 0 1 ( l ) S m ( l ) - 0 ( 2 ) 2.390(4) 
S m ( l ) - 0 ( 3 ) — 2 . 4 2 ^ S m ( l ) - 0 ( 1 W ) 2.447(5) 
S m ( l ) - N ( l ) 2.668(7) S m ( l > N ( 2 ) 2.591(7) 
S m ( l ) - N ( 3 ) 2.681(6) S m ( l ) - S m ( 2 A ) 3.599(1) 
S m ( l ) - S m ( 3 A ) 3.706(1) S m ( l ) - 0 ( 4 A ) 2.390(5) 
S m ( l ) - 0 ( 5 A ) 2.411(5) 301印 -8爪 (3 ) 3.619(1) 
Sm(2) -0 (1 ) 2 . 4 8 8 ( l ) S m ( 2 ) - 0 ( 2 ) 2.389(5) 
Sm(2) -0 (4 ) 2.403(4) Sm(2 ) -0 (2W) 2.440(5) 
S m ( 2 ) - 0 ( 3 W ) 2 . 5 0 T ^ Sm(2 ) -0 (4W) — 2 . 4 5 ^ 
S m ( 2 ) - S m ( l A ) 3.599(1) 80印 -801(3八） 3.634(1) 
Sm(2 ) -0 (3A) 2.389(5) 3 0印 - 0 ( 5八 ) 2.389(4) 
Sm(3) -0 (1) 2 . 6 3 9 ( l ) S m ( 3 ) - 0 ( 2 ) — 2 . 3 9 顽 
Sm(3) -0 (3) 2 . 4 1 8 ( 4 ) & C 2 H X 4 ) — 2.396(4) 
Sm(3) -0 (5) 2.420(5) Sm(3 ) -0 (5W) 2.512(7) 
S m ( 3 ) - 0 ( 6 W ) 2.540(6) Sm(3 ) -0 (7W) 2.504(6) 
Sm(3)-N(4) 2.642(6) S m ( 3 ) - S m ( l A ) 3.706(1) 
Sm(3) -Sm(2A) 3.634(1) C K l ) - S m ( l A ) 2.601(1) 
0 ( l ) - S m ( 2 A ) 2 . 4 8 ^ 0 ( l ) - S m ( 3 A ) 2.639(1) 
0 ( 3 ) - S m ( 2 A ) 2.389(5) 0 ( 4 ) - S m ( l A ) 2.390(5) 
0 ( 5 ) - S m ( l A ) 2.411(5) 0 (5 ) -Sm(2A) 2.389(4) 
N ( l ) - C ( l ) — 1 . 1 5 0 ( l l ) C ( l ) - C ( 2 ) 1.444(13) 
N(2) -C(3) L 1 2 1 ( l l ) C ( 3 ) - C ( 4 ) 1.455(13) 
N(3) -C(5) 1.107(9) C(5)-C(6) 1.442(11) 
N ^ ^ ( 7 ) 1.097(9)|C(7)-C(8) 1.452(9) 
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Table 1.6 Bond Angles o f 3 (。). 
S m ( 2 ) - S m ( l > S m ( 3 ) 5 9 . 4 ( l ) | S m ( 2 ) - S m ( l ) - 0 ( l ) 43.7(1) 
S m ( 3 > S m ( l ) - Q ( l ) 4 5 . _ 3 0 1 叨 - 5 爪 ( 1 ) - 0 ( 2 ) 41 .1 (1 ) 
S m ( 3 ) - S m ( l ) - 0 ( 2 ) 3 9 . 3 ( l ) 0 ( l ) - S m ( l ) - 0 ( 2 ) 63.4(1) 
S m ( 2 ) - S m ( l ) - 0 ( 3 ) 9 6 . 6 W S m ( 3 ) - S m W - 0 ( 3 ) 40.1(1) 
Q ( l ) - S m ( l ) - 0 ( 3 ) 63.8(1) 0 ( 2 ) - S m ( l > 0 ( 3 ) 77.3(2) 
S m ( 2 ) - S m ( l ) - Q ( l W ) 122.2(1) S m ( 3 ) - S m ( l ) - 0 ( l W ) 178.4(1) 
Q ( l > S m ( l ) - 0 ( l W ) 1 3 5 . 5 m 0 ( 2 ) - S m ( l ) - 0 ( l W ) 141.7(2) 
0 ( 3 ) - S m ( l ) - 0 ( l W ) 138.4(2) S m ( 2 ) - S m ( l ) - N ( l ) 78.2(1) 
Sm(3)-Sm( 1 ) -N( 1) 113.0( 1) 0 ( 1 ) -Sm( 1 ) -N( 1) 121.9(1) 
Q ( 2 ) - S m ( l ) - N ( l ) 74.2(2) 0 ( 3 ) - S m ( l ) - N ( l ) 141.7(2) 
0 ( 1 W ) - S m ( l ) - N ( l ) 67.9(2) Sm(2>Sm( l ) -N (2 ) H6 .1 (1 ) 
S m ( 3 ) - S m ( l ) - N m 8 7 . 5 m O ( l ) - S m ( i m 2 ) 132.8(1) 
0 ( 2 ) - S m ( l ) - N ( 2 ) 77.8(2) 0 ( 3 ) - S m ( l ) - N ( 2 ) 83.0(2) 
0 ( l W ) - S m ( l ) - N ( 2 ) 9 1 . 6 m N ( l ) - S m ( l ) - N ( 2 ) 66.4(2) 
Sm(2) -Sm( l ) -N(3 ) 166.5(1) Sm(3) -Sm( l ) -N(3) 1102(1) 
O m - S m ( l ) - N ( 3 ) 123.2(1) CK2)-Sm( l ) -N(3) 136.7(2) 
0 ( 3 > S m ( l ) - N ( 3 ) 7 1 . 4 m 0 ( l W ) - S m ( l ) - N ( 3 ) 68.1(2) 
N ( l > S m ( l ) - N ( 3 ) 1 1 4 . 9 。 N 。 - S m ( l ) - N ( 3 ) 69.5(2) 
S m r n - S m ( l ) - S m ( 2 A ) 87.4(1) S m ( 3 > S m ( l ) - S m ( 2 A ) 59.7(1) 
0 ( l ) - S m ( l ) - S m ( 2 A ) 43.7(1) CK2)-Sm( l ) -Sm(2A) 96.1(1) 
0 ( 3 ) - S m ( l > S m ( 2 A ) 4 1 . 3 ( l ) 0 ( l W ) - S m ( l ) - S m ( 2 A ) 119.8(2) 
N ( l > S m ( l ) - S m ( 2 A ) 1 6 5 . 5 ( l ) N ( 2 ) - S m ( l ) - S m ( 2 A ) 1 2 2 増 
N ( 3 > S m ( l ) - S m ( 2 A ) 79.5(1)5^1印-801(1)-8爪(3八) 59.6(1) 
Sm(3 ) -Sm( l ) -Sm(3A) 9 0 . 8 ( l ) 0 ( l ) - S m m - S m ( 3 A ) 45.4(1) 
0 ( 2 ) - S m ( l ) - S m ( 3 A ) 9 8 . 4 ( l ) 0 ( 3 ) - S m m - S m ( 3 A ) 98.4(1) 
0 ( l W ) - S m ( l ) - S m ( 3 A ) 9 0 . K 2 ) N ( l ) - S m ( l ) - S m ( 3 A ) H0 .6 (2 ) 
N ⑵ - S m ⑴ - S m ( 3 A ) 175 .5 (2 )N(3 ) -Sm( l ) -Sm(3A) 114.9(2) 
Sm(2A) -Sm( l ) -Sm(3A) 5 9 . 4 ( l ) S m m - S m ( l ) - 0 ( 4 A ) 96.2(1) 
S m ( 3 ) - S m ( l ) - 0 ( 4 A ) 9 8 . 7 ( l ) 0 ( l ) - S m ( l > 0 ( 4 A ) 63.7(1) 
0 ( 2 ) - S m ( l ) - Q ( 4 A ) 127.1(1) 0 ( 3 ) - S m ( l ) - 0 ( 4 A ) 80-3(2) 
0 ( l W ) - S m ( l ) - 0 ( 4 A ) 8 1 . 2印> 1 ( 1 ) - 8爪 ( 1 ) - 0 ( 4八) 137.8(2) 
N ( 2 ) - S m ( l ) - Q ( 4 A ) 145.1印>^(3 ) -8瓜 (1 ) -0(4八) 76.2(2) 
S m ( 2 A ) - S m ( l ) - 0 ( 4 A ) 4 1 . 5 ( l ) S m ( 3 A ) - S m ( l > 0 ( 4 A ) 39.3(1) 
S m ( 2 ) - S m ( l ) - 0 ( 5 A ) 41.2(1) S m ( 3 ) - S m ( l ) - 0 ( 5 A ) 98.3(1) 
0 ( l ) - S m ( l ) - 0 ( 5 A ) 6 3 . 7 ( l ) 0 ( 2 ) - S m ( l ) - 0 ( 5 A ) 79.9(2) 
Q ( 3 ) - S m ( l ) - 0 ( 5 A ) 127.6(1) 0 ( l W > S m ( l ) - 0 ( 5 A ) 83.2(2) 
N ( l ) - S m ( l ) - 0 ( 5 A ) 71.5(2) N ( 2 ) - S m ( l ) - 0 ( 5 A ) 136.3(2) 
N ( 3 ) - S m ( l ) - 0 ( 5 A ) 143.2CT S m ( 2 A ) - S m ( l ) - 0 ( 5 A ) 96.5(1) 
S m ( 3 A ) - S m ( l ) - 0 ( 5 A ) 4 0 . 0 ( l ) 0 ( 4 A ) - S m ( l ) - 0 ( 5 A ) 77.1(2) 
8爪 (1 ) -80叨 -801 (3 ) 6 1 . 7 ( l ) S m ( l ) - S m ( 2 ) - 0 ( l ) 46.3(1) 
Sm(3>Sm(2 ) -Q( l ) 4 6 . 8 ( l ) S m ( l ) - S m ( 2 ) - 0 ( 2 ) 41.%1) 
Sm(3)-Sm(2)-0(2) 40.9(1) 0 ( l ) - S m ( 2 ) - 0 ( 2 ) 65.2(1) 
S m ( l > S m ( 2 ) - 0 ( 4 ) 100.0(1) S m ( 3 ) - S m m _ 0 ( 4 ) 41.0(1) 
0 ( l ) - S m ( 2 ) - Q ( 4 ) 6 5 . 3 W 0 ( 2 ) - S m C T - 0 ( 4 ) 79.8(2) 
S m ( l ) - S m ( 2 ) - 0 ( 2 W ) 1 6 4 .似 S m f f l - S m m - 0 ( 2 W ) 107.7(1) 
0 ^ m ( 2 ) - 0 ( 2 W ) 136.3(1) |CK2)-Smf f l -0 (2W) 1 2 3 ^ 
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0 ( 4 ) - S m ( 2 ) - 0 ( 2 W ) 73.9(2)|Sm( 1 ) - S m ( 2 ) - 0 ( 3 W ) 93.9(1) 
Sm(3 ) -Sm(2 ) -0 (3W) — 107.4(1) 0 ( l > S m ( 2 ) - 0 ( 3 W ) 137.6(1) 
0(2)-Sm(2)-0(3W) 74.6(2) 0(4)-Sm(2)-0(3W) 121.4(2) 
0 ( 2 W ) - S m ( 2 ) - 0 ( 3 W ) ~~ “ 77.6(2) S m ( l ) - S m ( 2 ) - 0 ( 4 W ) 119.8(1) 
Sm(3 ) -Sm(2 ) -0 (4W) — 177.4(1) 0 ( l ) - S m ( 2 ) - 0 ( 4 W ) — 135.7(1) 
0 ( 2 ) - S m ( 2 ) - 0 ( 4 W ) 138.7(2) 0 ( 4 ) - S m ( 2 ) - 0 ( 4 W ) 138.3(2) 
0(2W)-Sm(2)-0(4W) 70.3(2) 0(3W)-Sm(2)-0(4W) 70.7(2) 
S m ( l > S m ( 2 ) - S m ( l A ) 一 92.6(1) Sm(3 ) -Sm(2 ) -Sm( lA ) 61.8(1) 
0 ( l ) - S m ( 2 ) - S m ( l A ) 46.3(1) 0 ( 2 ) - S m ( 2 ) - S m ( l A ) 100.0(1) 
0 ( 4 ) - S m ( 2 ) - S m ( l A ) 41.2(1) 0 ( 2 W ) - S m ( 2 ) - S m ( l A ) 92.1(1) 
0 ( 3 W ) - S m ( 2 ) - S m ( l A ) 162.4(1) 0 ( 4 W ) - S m ( 2 > S m ( l A ) 119.5(1) 
S m ( l ) - S m m - S m ( 3 A ) 61.6(1) S m ( 3 ) - S m ( 2 ) - S m ( 3 A r " 93.4(1) 
0 ( l ) - S m ( 2 ) - S m ( 3 A ) 一 4 6 . 6 ( l ) 0 ^ - S m ( 2 ) - S m ( 3 A ) 100.3(1) 
0(4)-Sm(2)-Sm(3A) 100.3(1) 0^ ) -Sm(2 ) -Sm(3A) 133.4(2) 
0 (3W) -Sm(2 ) -Sm(3A) 135.4(1) 0 (4W) -Sm(2 ) -Sm(3A) 89.2(1) 
8 0 ( 1八 ) - 8工印 - 8工 ( 3 ^ 7 6 L ^ CK l ) -Sm(2 ) -0 (3A) 100.6(1) 
Sm(3) -Sm(2) -0 (3A) 1 0 L 6 ( 1 ) 0 ( 1 ) - S m ( 2 ) - 0 ( 3 A ) 66.2(1) 
0(2)-Sm(2)-0(3A) 131.4(2) 0(4)-Sm(2)-0(3A) 80.8(2) 
0 ( 2 W ) - S m ( 2 ) - 0 ( 3 A ) ~ 93.1(2) 0 ( 3 W ) - S m ( 2 ) - 0 ( 3 A ) 151.0(2) 
0 ( 4 W ) - S m ( 2 > Q ( 3 A ) 80.3(2) S m ( l A ) - S m ( 2 > Q ( 3 A ~ 42.1(1) 
Sm(3A) -Sm(2 ) -0 (3A) 41.2(1) S m ( l ) - S m ( 2 ) - 0 ( 5 A ) 41.7(1) 
Sm(3) -Sm(2) -0 (5A) 101.1(1) 0 ( l ) - S m ( 2 ) - Q ( 5 A ) 65.8(1) 
0 ( 2 ) - S m ( 2 ) - 0 ( 5 A ) 80.4(2) 0 ( 4 ) - S m ( 2 ) - 0 ( 5 A ) 131.1(2) 
0 ( 2 W ) - S m ( 2 ) - 0 ( 5 A ) 151.3(2) 0 ( 3 W ) - S m ( 2 ) - Q ( 5 A ) — 95.3(2) 
0 ( 4 W ) - S m ( 2 ) - 0 ( 5 A ) 81.0(2) S m ( l A ) - S m ( 2 ) - 0 ( 5 A ) 100.4(1) 
Sm(3A) -Sm(2 ) -0 (5A) 41.2(1) 0 ( 3 A ) - S n K 2 ) - 0 ( 5 A ) 79.7(2) 
Sm( l ) -Sm(3) -Sm(2) ~ 5 8 . 9 ( l ) S m ( l ) - S m ( 3 ) - 0 ( l ) — 44.6(1) 
S m ( 2 ) - S m Q > 0 ( l ) 43.4(1) S m ( l ) - S m Q > 0 ( 2 ) 39.2(1) 
Sm(2)-Sm(3)-0(2) 40.8(1) C K l ) - S m f f l - 0 ( 2 ) 62.8(1) 
Sm( l ) -Sm(3 ) -0 (3 ) 40.3(1) Sm(2)-Sm(3)-Q(3) 96.3(1) 
0 ( l ) - S m ( 3 ) - 0 ( 3 ) 63.4(1) 0 ( 2 ) - S m ( 3 > 0 ( 3 ) 77.4(2) 
Sm( l ) -Sm(3 ) -0 (4 ) 97.4(1) Sm(2) -Sm(3) -0(4) 41.1(1) 
0 ( l ) - S m ( 3 ) - 0 ( 4 ) 63T0W 0 (2 ) -Sm(3 ) -0 (4 ) 79.8^1^ 
0 (3 ) -Sm(3 ) -0 (4 ) 126.4(2) Sm( l ) -Sm(3 ) -0 (5 ) 97.0(1) 
Sm(2)-Sm(3)-0(5) 9 5 . 8 ( l ) 0 ( l ) - S m ( 3 ) - 0 ( 5 ) 63.0(1) 
0 (2 ) -Sm(3 ) -0 (5 ) 125.8(2) Q(3) -Sm(3) -0 (5) 78.6(1) 
0 ( 4 > S m ( 3 > 0 ( 5 ) — 76.8(2) S m ( l > S m ( 3 ) - 0 ( 5 W ) — 114.6(2) 
Sm(2) -Sm(3) -0 (5W) 81.7(2) 0 ( l > S m ( 3 ) - 0 ( 5 W ) 125.1(2) 
0 ( 2 ) - S m ( 3 ) - 0 ( 5 W ) 76.4(2) 0 ( 3 ) - S m ( 3 > 0 ( 5 W ) 141.4(2) 
0 ( 4 ) - S m ( 3 ) - 0 ( 5 W ) 75.6(2) 0 ( 5 ) - S m ( 3 > 0 ( 5 W ) 140.0(2) 
S m ( l ) - S m ( 3 ) - 0 ( 6 W ) 82.9(1) Sm(2) -Sm(3) -0 (6W) 115.5(2) 
0 ( l ) - S m ( 3 ) - 0 ( 6 W ) 127.5(1) 0 ( 2 ) - S m ( 3 ) - 0 ( 6 W ) 76.2(2) 
0 ( 3 > S m ( 3 ) - 0 ( 6 W ) — 7 7 ^ 0 ( 4 ) - S m ( 3 ) - 0 ( 6 W ) “ 141.o7^ 
0 ( 5 ) - S m ( 3 ) - 0 ( 6 W ) 一 142.1 (2) 0 ( 5 W ) - S m ( 3 > 0 ( 6 W ) 一 69.2(2) 
Sm(l>Sm(3)-0(7W) — 118.4(1) Sm(2)-Sm(3)-0(7W) 一 173.7(1) 
CKl ) -Sm(3 ) -0 (7W) — 1 3 0 ^ C K 2 ) - S m ( 3 ) - 0 ( 7 W ) 141.37¾ 
Q(3) -Sm(3) -0 (7W) 一 79.7(2) Q(4 ) -Sm(3 ) -0 (7W) 138.6(2) 
Q ( 5 ) - S m ( 3 > 0 ( 7 W ) 78 .7 (2 ) | 0 (5W) -Sm(3>0 (7W) 104.5(2) 
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0 ( 6 W ) - S m ( 3 ) - 0 ( 7 W ) 68 .6 (2 ) |Sm( l ) -Sm(3 ) -NW 171.9(2) 
Sm(2)-Sm(3)-N(4) 1 1 4 . 6 ( l ) 0 ( l ) - S m ( 3 ) - N ( 4 ) 127.5(2) 
0 (2 ) -Sm(3) -N(4 ) 139.5(2) Q(3)-Sm(3)-N(4) 143.0(2) 
0 (4 ) -Sm(3) -N(4 ) 75.1(2) 0 (5 ) -Sm(3) -N(4 ) 78.4(2) 
0 ( 5 W ) - S m ( 3 ) - N W " ^ ^ ^ 0 (6W) -Sm(3 ) -N (4 ) 104.9(¾ 
Q(7W)-Sm(3) -N(4 ) 67.6(2) S m ( l ) - S m ( 3 ) - S m ( l A ) 89.2(1) 
S m ( 2 > S m ( 3 ) - S m ( l A ) 5 8 . 8 ( l ) 0 ( l ) - S m ( 3 ) - S m ( l A ) 44.6(1) 
O m - S m ( 3 ) - S m ( l A ) 97.0(1) 0 ( 3 ) - S m ( 3 ) - S m ( l A ) 97.2(1) 
0 ( 4 ) - S m ( 3 ) - S m ( l A ) 39.2(1) 0 ( 5 ) - S m ( 3 ) - S m ( l A ) 39.8(1) 
O r 5 W V S m r 3 V S m ( l A ) 113.7(1) Q ( 6 W ) - S m ( 3 ) - S m ( l A ) 172.0(1) 
0 ( 7 W ) - S m ( 3 ) - S m ( l A ) 116.5(1) N f f l - S m ( 3 ) - S m ( l A ) 83.0(2) 
Sm( l ) -Sm(3 ) -Sm(2A) 58.7(1) Sm(2)-Sm(3)-Sm(2A) 86.6(1) 
0 ( l > S m ( 3 ) - S m ( 2 A ) 43.2(1) 0 (2 ) -Sm(3) -Sm(2A) 95.2(1) 
0 (3 ) -Sm(3) -Sm(2A) 40.6(1) O f f l - S m ( 3 ) - S m ( 2 A ) 95.2(1) 
0 (5 ) -Sm(3) -Sm(2A) 4 Q . 6 ( l ) 0 ( 5 W > S m ( 3 > S m ( 2 A ) 168.3(2) 
0 (6W) -Sm(3 ) -Sm(2A) 117 .Q( l ) 0 (7W) -Sm(3 ) -Sm(2A) 87.2(1) 
N f f l - S m ( 3 ) - S m ( 2 A ) 1 1 8 . i m Sm( lA ) -Sm(3 ) -Sm(2A) 58.7(1) 
S m ( l ) - 0 ( l ) - S m ( 2 ) 9 0 . Q ( l ) S m ( l > Q ( l ) - S m ( 3 ) 90.0(1) 
S m ( 2 ) - 0 ( l ) - S m ( 3 ) 89.8(1) S m m - O m - S m ( l A ) m . 0 ( \ ) 
S m ( 2 > 0 ( l ) - S m ( l A ) 9 0 . Q ( l ) S m ( 3 ) - 0 ( l ) - S m ( l A ) 90.0(1) 
S m ( l ) - 0 ( l > S m ( 2 A ) 9 0 . Q ( l ) S m ( 2 ) - 0 ( l ) - S m ( 2 A ) 180.0(1) 
S m ( 3 ) - 0 ( l ) - S m ( 2 A ) 9 0 . 2 ( l ) S m ( l A H X l ) - S m ( 2 A ) 90.0(1) 
S m ( l H X l ) - S m ( 3 A ) 90.0(1) S m ( 2 K X l ) - S m ( 3 A ) 90.2(1) 
S m ( 3 > 0 ( l ) - S m ( 3 A ) 1 8 Q . 0 ( l ) S m ( l A ) - O ( l ) - S m ( 3 A ) 90.0(1) 
S m ( 2 A ) - 0 ( l ) - S m ( 3 A ) 89.8(1) Sm( l ) - 0 (2 ) -Sm(2 ) 97.7(2) 
S m ( l > 0 ( 2 ) - S m ( 3 ) 1 0 1 . _ S m m _ 0 ( 2 ) - S m ( 3 ) 98.3(2) 
Sm( l ) - 0 (3 ) -Sm(3 ) 99.7CT S m ( l ) - 0 ( 3 ) - S m ( 2 A ) 96.6(2) 
Sm(3)-Q(3)-Sm(2A) 98.2(1) S m ( 2 H X 4 ) - S m ( 3 ) 97.9(1) 
S m ( 2 ) - 0 ( 4 ) - S m ( l A ) 97.3(2) S m ( 3 ) - 0 ( 4 ) - S m ( l A ) 101.5(¾ 
S m ( 3 ) - 0 ( 5 ) - S m ( l A ) 1 0 0 . 2印8 0 ( 3 ) - 0 ( 5 ) - 3瓜 ( 2八) 98.1(1) 
S m ( l A ) - 0 ( 5 ) - S m ( 2 A ) 9 7 . 似 S m ( l ) - N ( l ) - C ( l ) 171.8(7) 
N ( l > C ( l ) - C ( 2 ) 178.3(7) S m ( l ) - N f f l - C ( 3 ) 163.2(7) 
N f f l - C ( 3 ) - C ( 4 ) 179.1(9) Sm( l ) -N (3 ) -C(5 ) 176.1(6) 
N(3) -C(5) -C(6) 176.5(10) Sm(3)-N(4)-C(7) 168.7(7) 
N ^ ^ ( 7 ) - C ( 8 ) 179.0(8)1 
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1.3 CONCLUSION 
Three new coordinat ion complexes o f SmI3 were isolated and structural ly 
characterized by X- ray crystal lography. SmI3 autoionized in T H F to give an ionic 
complex w i t h a rather regular pentagonal b ipyramidal cation [SmI2(THF)5]+ and an 
octahedral anion [SmI4(THF)2]+. On the other hand, recrystal l izat ion o f SmI3 f r om 
D M E gave the simple coordinat ion complex SmI3(DME)2. There are two independent 
molecules i n the uni t cell. Each o f them adopts a h igh ly distorted pentagonal 
b ipyramidal geometry. These differeneces may be resulted from the di f ferent l igat ion 
property o f T H F and D M E , monodantate v5. bidentate. Crystal l izat ion o f SmI3 f r om 
wet CH3CN produced a cluster compound, 
[ {Sm(H2O)3WSm(CH3CN)(H2C03h{Sm(CH3CN)3(H2O))2( /^3-OH)8(/^-O)] l8.2H2O. 
The SmeO core forms an almost perfect octahedron w i t h the 0x0 group setting at the 
inversion center. The h igh oxophi l ic i ty o f Sm ion and relat ively weak Sm-I bond may 
be the dr iv ing forces o f this reaction. These results suggest that SmI3 may have r ich 
coordinat ion chemistry and the structures o f its coordination compounds are not 
part icularly predictable. 
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1.4 EXPERIMENTAL SECTION 
Preparation of SmI3. Under dry, oxygen free dini t rogen system, metal l ic samarium 
(500 mg, 3.33 m m o l ) was mixed w i t h element iodine (3.0 g，11.8 mmo l ) and T H F (20 
mL) . The mix ture was stirred for 1 day. The b rown solut ion was then f i l tered and the 
residue was washed w i t h 5 m L o f T H F . Repeat washing unt i l the sol id tums ye l low 
and the f i l trate is colorless. The sol id was dr ied under vacuum to give SmI3 as a 
ye l low powder, 1.2 g (2.26 mmol ) , 68%. 
Preparation of [SmI2(THF)5] [SmI4(THF)2] (1). Moisture-free oxygen was bubbled 
through the dark green T H F solut ion o f SmI2 (10 m L , 0.5 mmo l ) un t i l the color o f t h e 
solut ion tumed ye l low. The volume o f t h e result ing solut ion was then reduced under 
vacuum to about 8 m L . A f te r 2 days, the ye l low crystals were f i l tered o f f a n d washed 
w i t h a small amount o f T H F (81 mg, 31%). Anal . Calcd. for Sm2l6C28H56O7: C, 
22.14; H，3.72. Found: C, 21.85; H , 3.80. I R (KBr , c m ] ) : 2982 (m), 2895 (m)，1020 
(w), 1004 (s), 910 (w)，850 (s), 625 (w). 
P r e p a r a t i o n of SmI3(DME)2 (2). To SmI3 (50 mg，0.94 mmo l ) was added 10 m L o f 
D M E and the mixture was ref luxed overnight. The dark b rown solut ion was 
immediately f i l tered before being cooled down. X- ray qual i ty crystals were obtained 
by cool ing down the fi l trate overnight. I R (KBr , cm"^): 2937 (w), 1073 (m), 1024 (s), 
850 (m). 
Preparation of [{Sm0H2O)3}2{Sm(CH3CN)(H2O)3l2{Sm(CH3CN)3(H2O)}2(//3-
O H ) 8 O v O ) l l 8 . 2 H 2 O (3). To S m I 3 (50 mg, 0.94 mmo l ) was added 10 m L o f wet 
M. Phil. Thesis. Coordination Chemistry of Sml3 with Donor Solvents 
Experimental Section Page 40 
CH3CN and the mixture was ref luxed overnight. The dark b rown solut ion was 
fi l tered. X - ray qual i ty crystals were grown by s low di f fus ion o f n-hexane into the 
fi l trate. I R ( K B r , cm"^): 2962 (m), 2916 (m), 2300 (m)，2272 (s), 1261 (s), 1094 (s), 
1027 (s), 801 (m). 
X - r a y Diffraction S tudy . The crystal data are summarized in Table 1.7 and the atom 
coordinations are l isted i n Tables 1.8, 1.9 and 1.10 for complex 1, 2, and 3， 
respectively. Single crystals were sealed under N2 w i t h Paraton-N o i l i n th in-wal led 
glass capillaries. Data were collected on a MSC/R igaku R A X I S - I I C Image Plate using 
M o K a radiat ion {X = 0.71073 A ) from a Rigaku rotating-anode X- ray generator 
operating at 50 k V and 90 m A . Absorpt ion correction was applied by correlation o f 
symmetry-equivalent reflections using the R E Q A B program.^ The structure was 
solved by direct methods and ref ined using the Siemens S H E L X T L PLUS program 
package (PC version).〗。 
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Table 1.7. Crystal Data and Summary ofData Collection and Refinement for 1，2 
and 3. 
Compound 1 ？ — 
formula C28H56l6O7Sm2 C,6H40l6O8Sm2 Ci6H64l8N8O25Sni6 
crystal size (mm) 0.25 x 0.35 x 0.40 0.10 x 0.20 x 0.20 0.20 x 0.60 x 0.60 
f w 1566.8 1422.6 2686.4 
crystal class monocl in ic t r ic l in ic monoc l imc 
space group C2/c P l (ba r ) P2 i /n 
^ A 12.9740(10) 10.534(2) 12.325(1) 
^ ' A 12.2560(10) 13.305(3) 2 0 . 8 4 9 m 
c k 29.1060(10) 13.309(3) 12.983(1) 
a, deg 90.02(3) 
B deg 97.370(10) 91.96(3) 9 9 . 4 6 « 
v d e g 98.25(3) 
V 入3 4590(2) 1844.9(9) 3290.8(17) 
i 4 2 2 
D 1 d m g W 2.268 2.561 2.711 
Radiat ion ⑷ A M o K a (0.71073) M o K a (0.71073) M o K a (0.71073) 
di f f ractometer Rigaku R A X I S I IC Rigaku R A X I S I IC R igaku R A X I S I IC 
data collected +h±k± l +h±k± l + h ± k ± l 
26tange, deg 3.0 to 55.0 3.0 to 55.0 3.0 to 55.0 
",匪-1 6.603 8.201 9.079 
F(000) 2888 1284 2296 
T, K 294 294 294 
No . o f i n d e p reflns 4598 6357 6825 
No . o f obsd reflns 4031 (|F|>6a|F|) 4426 (|F|>6a|F|) 6324 (|F| > 6a|F|) 
No . o fparams refhd 198 290 288 
Data-to-params ratio 20.4:1 15.3:1 22.0:1 
Goodness o f f i t 1.20 2.11 2.28 
R , 0.043 0.055 0.062 
R^ 0.044 0.069 0.074 
A n — A 。 — e / A 3 1.25,-Q.99 1.81,-1.27 讽 捕  
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Table 1.8. Atom coordinations (xlO^ for Sm and I; xlO^ for others) for 1. 
X y z 
S m r n ~ ~ ^ 48879(3) 25000 
l m 21218(4) 49096(5) 21713(2) 
" ^ 0 2890(3) 2500 
1 c m 540(4) 2198(3) 2196(2) 
^ 115(4) 1069(3) 2255(3) 
• ^ -454(3) 6 4 9 W 2020(2) 
C(3) -1407(4) 6 7 8 7 ( i 1818(3) 
C(4) ^ _ ^ ~ Z 7 -1394(4) — 7 6 5 2 ( ^ 1473(3) 
H c m -440(4)" 8223(4) 1671(3) 
C(6) 一 251(4) 7336(4) 1890(3) 
0 ( 3 ) 813(3) 4258(3) 3 2 6 2 g ) 
C(7) 1769(4) 3 6 1 5 W 3347(3) 
C(8) 1748(4) 3178(4) 3811(3) 
C(9) 1171(4) 4020(4) 4069(3) 
C(10) 404(4) 4 4 4 4 f f l 3703(3) 
S m m ^ _ ~ ~ 50000 一 5 0 ^ 50000 
1 ^ ~ 一 46412(5)" 26674(4) 46497(2) 
I G 、 58919(5) 一 40878(5)" 59512(2) 
0 ( 4 ) 3287(3) 5095(3) 5214(2) 
c a n 2844(4) — 4 2 4 3 ( 4 ^ 5461(3) 
" C ^ ~ ~ 一 2166(4)" 4803(4) 5752(3) 
C(13) 一 1734(4) 5657(4) 5448(3) 
C(14) 2553(4) 6018(4) 5167(3) 
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Table 1.9. Atom coordinations (xlO^ for Sm and I; xlO^ for others) for 2. 
X y z 
- S ^ ) 1 4 6 0 8 ^ 42505(5) 26521(5) 
" s i i ^ m 3 5 2 1 0 ( ^ 7 1 4 i m 76745(5) 
l m - 1 2 2 5 4 ( W 45375(8) 18345(9) 
l m 41860(10) 38561(9) 32368(9) 
1 ^ 928(11) 2 7 7 8 9 ( 1 ^ 41597(10) 
1 ^ 62453(10) 4 8 0 5 ^ 70342(9) 
% ^ 7876(10) l l 6 5 ^ 80068(9) 
1 ^ 48227(11) 19474(10) 94606(9) 
^ 1860(9) 5375(7) 4119(7) 
^ 1796(9) 6069(7) 2217(8) 
^ 1235(9) 2 6 3 ^ 1725(8) 
^ 2441(9) ^ 4 2 7 ( ^ 983(7) 
^ 3182(8) - 1 0 5 W 7049(7) 
^ 2857(9) - 5 4 W 8967(7) 
^ 2782(8) i 2 ^ 5910(7) 
^ 3767(10) 2 4 2 ^ 6910(7) 
^ 2223(12) 5139(11) 5134(11) 
^ 2462(12) . _ 6 1 M i Q I 3899(11) 
^ 1701(12) _ 6 7 4 0 q 0 ) _ 3037(11) 
^ 1410(12) ^ 6 5 Q 4 ( M - 1276(11) 
^ 1777(12) 1 7 3 6 ^ 1946(12) 
^ 1204(13) ^899(12)_ 633(12) 
^ — 2205(13) 3527(11) 349(12) 
^ 3590(11) ^ 0 4 3 q 2 ] L 762(12) 
^ 3663(11) ^ ^ M 3 U l L 6137(10) 
" C ^ “ 3200(12) -1826(9) 7826(10) 
" C ^ 2371(11) ^ 1 5 j ^ 8650(11) 
- C n ^ 2376(12) 一 -331(10)" 9960(11) 
" C ^ 1640(11) _ J M ^ L ^483(11) 
a i 4 ^ 3236(13) 1584(11) 5347(11) 
" c n ^ 3605(14) 2372(12) 3865(13) 
C(l6) I 3458(13) 3312(11)1 7344(12) 
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Table I.10. Atom coordinations (xlO^ for Sm and I; xlO^ for others) for 3. 
X y z  
S m ( l ) 2680(3) 5726(2) 68039(2) 
Sm(2) — _ - 1 9 6 2 ^ 3371(2) 46727(2) 
Sm(3) 5421(3) 10679(2) 41190(2) 
I (1) -62410(6) 3653(4) 23457(4) 
I (2) -27386(7) 1323(4) 9974(5) 
I (3) -1796(7) 27088(3)" 54107(5) 
I (4) 42726(7) 16611(4) 60398(6) 
0 ( 1 ) 0 0" 5000 
0 ( 2 ) -695(4) 1160(2)" 5354(3) 
0 ( 3 ) 1 6 8 ^ 761(2) 5740(3) 
0 ( 4 ) -1006(4) 486(2) “ 3220(3) 
0 ( 5 ) 1355(4) 83(3) 3618(3) 
0 ( 1 W ) 140(5) 256(3) 8595(3) 
0 ( 2 W ) -3380(5) 491(4) 3145(4) 
0 ( 3 W ) -3115(5) 1210(3) 5 2 5 7 f f l 
0 ( 4 W ) _ ^ 1 7 H ( 5 1 _ -120(3) 5008(4) 
0 ( 5 W ) -786(6) 1922(3) 3351(4) 
0(6W) 1034(6) 一 2142(3)" 4996(4) 
Q ( 7 W ) 2376(5) 1457(3) 3 7 8 9 f f i 
0 ( 8 W ) 8381(6) 106(4) 9653(4) 
N (1 ) -1390(5) 1156(4) 7511(4) 
C(1) -2077(6) 1470(4) 7747(5) 
C(2) -2963(7) 1856(6) 8016(6) 
N (2 ) 691(6) 1751(3) 7368(5) 
C(3) 617(7) 2255(4) 7647(5) 
C(4) 503(8) 2907(5) 8013(6) 
N (3 ) 2218(6) 653(3) 8065(4) 
C(5) 3049(6) ― ― 687(4)" 8537(5) 
C(6) 4 1 4 W 766(7) 9119(7) 
N (4 ) 576(5) 1273(4) 2117(4) 
C(7) 443(6) 1413(4) 1291(5) 
C(8) 287(6) 1595(5) 197(5) 
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II. Synthesis and Structural Characterization of Lanthanacarboranes 
II.1 INTRODUCTION 
Lanthanacarboranes are a new class o f organometal l ic compounds and much less 
studied in comparison w i t h the cyclopentadienyl based organolanthanide compounds^' 
or metallacarboanes o f d- and p-b lock metals." The first example was demonstrated 
by Hawthome and co-workers in 1988 . " The successful synthesis o f half-sandwich 
type, divalent lanthanacarborane Ln"(C2B9Hn) (Ln = Sm, Yb) , and bent-sandwich 
type, tr ivalent complexes Ln'" (C2B9Hn)2," '^^ encourages the further explorat ion on 
these types o f compounds. Other than dicarbol l ide dianion [C2B9Hn]^' , the r ing 
extended system, [C2B10H12]^", was also investigated by them.",)6 Another 
cyclopentadienyl isolobal carborane analog, [ (TMS)2C2B4H4f-, was introduced to 
lanthanide chemistry by Hosmane and co-workers. 
Accord ing to Hawthome's work , the reaction between Na2(C2B9Hn) and LnI2 (Ln = 
Sm, Yb) in T H F solut ion gave Ln(C2B9Hn)(THF)4, fo l lowed by the oxidat ion w i th 
Tl(C2B9H11)]' to y ie ld the bent-sandwich type complexes [Ln(C2B9Hn)2]'.^^'^^ A l l o f 
them were spectroscopically characterized and the structures o f Yb(C2B9H11)(DMF)4 
(Figure I I .1) and [PPN][Sm(C2B9H11)2(THF)2] (Figure II .2) were f l irther conf i rmed by 
X-ray crystallography. Moreover, they have made use o f the variable-temperature " B 
I 
N M R technique to study the closo-exo-nido tautomerism o f the samaracarborane. In 
[C2B10H12]2- system, a more complicated complexat ion manner was observed. The 
products formed by the reaction between Na2(C2B10H12)" and LnI2 show either 
monomeric ( L n = Y b ) or polymeric ( L n = Sm, Eu) structure in T H F solution. The 
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CH3CN derivative o f Eu was structurally characterized to be polymeric (Figure II.4). 
On the other hand, addit ion o f another molar o f [C2B10H12f- or [C5Me5]' to the 
europium polymeric complex w i l l give the bent-sandwich type anionic species, 
[Eu(C2B10H12)2(THF)2]^' (Figure 11.4).55 This complex can also be formed by direct 
m ix ing o f C2B10H12^" and EuI2 i n 2:1 molar ratio. I t is isostmctural to 
[Sm(C:2B9Hu)2(THF)2r.55'56 
0(3) 
0(2)/O C^"~^^^'> 0 \ 聊 ^ ^ ^ ； ^ 」 
Yb 
'(^^?¾¾^ 
- ^ ^ 1 
sV^T'^y^ 
B(8) 





arnW^ B(07)' cWcjo9j 
aoiy cff»yp|g^c(o5) 
- 0 ^ 2 : ^ ¾ ^ -
°^tm^cm 
- 獻 ； s w 
: S ® > ^ OBH 
B ( " ! ^ _ 1^ 
Figure IL2 Crystal structure o f [Sm(C2B9Hn)2(THF)2]" 
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%/ 
^ I 
^ X " 
Figure II .3 Crystal structure o f [Eu(C2B10H12)(CH3CN)3]oo 
B(f^  B , B<U> 
3(o9y^J^。K 
3 ( 1 < ^ ¾ ¾ ^ ^ 
^ ¾ ^ ^ ^ ^ ; ^ 
C(04)V(05) C(5TJ>^^ ^qC(3T^ 
E u < O o < : ; ^ ^ g _ 
⑩ ) ^ c m _ 6 ^ 广 ” 
^ ^ r 
B(i3p^5^(U) 
Figure I L4 Crystal structure of[Eu(C2B10H12)2(THF)2f-
The smaller carborane dianion [(TMS)2C2B4H4]^' that has the simi lar C2B3 pentagonal 
face was introduced by Hosmane and co-workers to main group^^ and transit ion metals 
chemistry.59 I t can react w i t h LnCl3 to give various kinds o f lanthanacarboranes, 
whose structures depend on the solvents, lanthanide ions and metal to l igand molar 
ratios used. For example, m ix ing o f GdCl3 and 2 equiv. o f Li2[2,3-(TMS)2C2B4H4] in 
T H F produced the cluster [{77^-l-Gd-2,3-(TMS)2-2,3-C2B4H4)3{/^2-l-Li-2,3-(TMS)2-
2,3-C2B4H4)3(//3-0Me){/^2-Li(THF))3(/ /3-0)] 60'6i (Figure IL5) . Simi lar results were 
obtained i n the cases o f T b / ' Sm,^^ Dy,^^ and Ho.^^'^^ I f the reaction was carried out in 
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CI38I 
/ r^i4i) 
CI39,^L^(3, cu^ 严 »^®： 
• • ^ ^ ^ “ 
CI33I 
Figure I L 6 Crystal structure of [U(TMEDA)2] [ l -Cl- l -C"-Cl) -2，2,,3,3，-(TMS )4-5,6-
{C^-H)2Li(TMEDA)}-4,4，,5’-{C^-H)3Li(TMEDA)}-l,r-commo-Ln(2,3-C2B4H4)2] 
( L n = Sm, Gd, D y , Ho, Er) 
a3S) 
\ Ct36) 
as8, ^\ y T ^ 
^ ¾ ^ ' 3<'7^g]|gjj^ (^ j^^ ,31 
播 
Ct7a C(39l 
Figure I I .7 Crystal structure ofHC^-a )2U(TMEDA)]-2，2，，4,4 ’ - (TMS)4-5,5’6,6’ - [C^-
H)4Ho(TMEDA)C^-Cl )2L i (TMEDA) ] - l , r -commo-Ho(2 ,4 , - (C2B4H4)2-CioH8 
I t is recently reported that the reaction o f Li2[C2B9H9(CH2OCH3)2]^ w i t h La(ClO4)3 i n 
T H F in a 2:1 molar ratio, fo l lowed by addit ion o f [C6H5CH2NMe3]Cl to give 
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pure T M E D A , a bent-sandwich type complex [L i (TMEDA ) 2 ] [ 1-C1-1 -C^-Cl)-2,2‘ ,3,3 ‘ -
(TMS)4 -5 ,6 - {C^ -H)2L i (TMEDA) } -4 ,4 , , 5 , - { (AH)3L i (TMEDA) } - l , l , - comm^?-Ln (2 ,3 -
C 2 B 4 H 4 ) 2 ] w i l l be formed (Ln 二 Sm, Gd, D y , Ho, Er) (Figure ll.6)'' O n the other 
hand, treatment o f a TMEDA-so l va ted dil i thiacarborane, Li2[2,4-(TMS)2C2B4H4],^ 
w i t h anhydrous H0Cl3 i n a molar ratio o f 1:1 yielded a dinuclear complex, l - [C^-
Cl )2Li (TMEDA ) ] -2 ,2 ' ,4 ,4 ' - (TMS )4-5 ,5 '6 ,6 ' - [ ( / / -H )4Ho (TMEDA)( / / -
Cl)2Li(TMEDA)]-l，l，-<%>mmo-Ho(2,4，-(C2B4H4)2.CioH8，in wh ich the two Ho atoms 
have completely di f ferent coordinat ion environment (Figure II.7).^^ One o f them 
coordinated to two carborane cages and two chloride ions in bent-sandwich fashion 
but the other was bonded to cages v ia H o - H - B bondings and its coordinat ion sphere 
was completed by two C1 ions and one T M E D A molecule. 
B(S61 J R 
^^ 
™^^ ^ 
! ¥ : ^ ^ ^ ^ ‘ ¥ 1 
L 
Figure IL5 Crystal structure 0 f [ { ; 7 ^ - l - Ln -2,3-(TMS)2-2,3-C2B4H4}3{M2-1 -L i -2,3-
(TMS)2-2,3-C2B4H4 )3(//3-OMe) {/i2-Li(THF) jsC^s-O)] (Ln = Sm, Gd, Tb, Dy, Ho ) 
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C(38) 
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Cl67l ^ CI35) 
C(33l 
Figure I I .6 Crystal structure o f [ L i ( T M E D A ) 2 ] [ l - C l - l - ( A C l ) - 2 , 2 , , 3 , 3 , - ( T M S ) 4 - 5 , 6 -
{Ca-H;hL i (TMEDA) } -4 ,4 , ,5 ’ - {C^ -H)3L i (TMEDA) } -U ’ -a^^^?-Ln(2，3-C:2B4H4)2 ] 
( L n 二 S m , G d , D y，H o , E r ) 
CI3SJ 
\ CI36) 
C,S8I ^ \ ^ T ^ 
� f "'^ffiks^'^' 
&!^S^: 
C � 7 7 I ^ ^ ^ I 7 0 ^ ^ ^ : C^  丨67丨 
075 C(39l 
Figure I I .7 Crystal structure o f l-[C^-Cl)2Li(TMEDA)]-2，2’，4,4 ’ -(TMS)4-5,5’6,6’-[C^-
H)4Ho(TMEDA)C^-Cl )2L i (TMEDA) ] - l , r -comwo-Ho(2 ,4 , - (C2B4H4)2-C ioH8 
I t is recently reported that the reaction o f Li2[C2B9H9(CH2OCH3)2]^ w i t h La(ClO4)3 i n 
T H F in a 2:1 molar ratio, fo l lowed by addit ion o f [C6H5CH2NMe3]Cl to give 
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[C6H5CH2NMe3][(THF)2La{C:2B9H9(CH2OCH3)2h].67 Its structure, however, fa i led to 
be conf i rmed by X- ray analyses. 
In v iew o f lanthanacarborane chemistry, we are more interested in C2B9 system since 
there are no def in i t ive reports on analogous species incorporat ing other lanthanide 
metals or dicarbol l ide derivatives except samarium and yt terb ium complexes o f the 
dicarbol l ide dianion [CzBgHuf - . ' " Furthermore, the f lux ional i l ty o f complex 
(C2B9H11)Sm(THF)4 i n T H F was observed by variable-temperature " B N M R 
spectroscopy; however, no exo-nido tautomer has yet been isolated. I t is rational to 
propose that the bu lky substituents on the open pentagonal face (C2B3) may change 
the bonding interactions between the dicarbol l ide and Ln:+ ions, and stabli l ize the 
exo-nido complex. 
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IL2 RESULTS AND DISCUSSION 
II.2.A Synthesis and Characterization of cto<>-Lanthanacarboranes. 
II.2.A.i Bent-Sandwich Type Complexes. 
Treatment o f anhydrous LnCl3 ( L n = La, Y , Y b ) w i t h 2 equiv. 0 f Na2[7,8-mJ0-
C2B9H11] i n T H F at 65°C, after removal o f the precipitate and most o f the solvent and 
addi t ion o f ^-hexane gave complexes, { (THF)2Na} {(C2B9Hn)2Ln(THF)2} [ L n = La 
(4) (white), Y (5) (white), Y b (6) (red)] i n 65-70% yield. (Equat ion I I .1) 
LnCl3+Na2C2B9H11 警 一 r (THF)2Na){ (C2B9Hi i )2Ln(THF)2} + 3NaCl ( IL1) 
These complexes are extremely air and moisture-sensitive but stable for months under 
a dry and inert atmosphere. Therefore, extra-care should be taken wh i le handl ing 
these compounds. They were characterized by various spectroscopic analyses. (H 
N M R shows that the ratio o f t h e a-methy lene proton o f T H F to C - H o f carboranyl is 
8:2 by integration, wh ich supports that one dicarbol l ide l igand accompanied w i t h two 
T H F molecules i n the complex. The elemental analysis results are not reproducible 
and the values are often smaller than the calculated values, it may be due to the loss o f 
the coordinated T H F molecules. Simi lar phenomenon was reported for the complexes 
LnCl3(THF)x,26'69 [ ( C 2 B 9 H u )Ln (THF ) 4 f and [(C2B9Hn)2Ln(THF)2]-.53 ^ B N M R 
shows a “monoan ion- l i ke” pattem wh ich is the same as that found i n [C2B9H12]". The 
/ 
appearance o f such a "monoanion- l ike" spectrum in solut ion could be understood by 
placing the La ion closer to the unique boron than one o f the two symmetr ical borons 
on the upper belt, wh ich wou ld impose the correct symmetry for a spectrum similar to 
that displayed by a monoanion rather than a dianion.^^ The IR spectroscopy shows a 
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strong absorption at about 2500 cm'^ i n al l complexes, wh ich is the typical for the 
« 
terminal B - H bonds. 
I n order to get more structural in format ion about the bonding nature and the 
interactions between the metal and l igands, X- ray analyses were performed for 
complex 4.7。 
X-ray crystal lographic analyses conf i rmed that complex 4 (Figure I I .8) is isostructural 
to the samarium analog^^'^^ and has the fo l l ow ing structural features, (a) La metal 
coordinates to two C2B9Hn cages and two T H F molecules i n a distorted tetrahedral 
geometry, (b) the C2B3 face o f each dicarbol l ide cage is 7;^-b0nded to La, (c) the 
carbon atoms o f the two cages are apart f r om one another. The bond distances and 
bond angles are l isted in Tables I I .1 and I I .2. The average La-cage atom distance is 
2.804(5) A ranging f r om 2.772(5) to 2.855(5) A , wh ich is close to the values reported 
for other eight-coordinate pentamethylcyclopentadienyl (Cp*) lanthanum complexes, 
2.806 A for [Cp*2La]2(C12H8N2),71 2.805 A for [Cp*2LaCH2CN]2/' and 2.85 A for 
Cp*2LaG^HCH3)(H2NCH3).73 This measured value is 0.069 A larger than that o f Sm-
cage atom (2.735 A ) . This difference can be rationalised as the difference (0.081 A ) 
between the ionic radi i o f L a ; + (1.160 A ) and Sm]+ (1.079 A) . On the other hand, the 
La-centroid distance (average 2.43 A ) is signif icant ly shorter than those o f 
pentamethylcyclopentadienyl lanthanum complexes (2.52 - 2.60 A ) probably because 
the C2B3 face is larger in size than the C5 face, or there is a stronger interaction 
between La]+ and the dicarbol l ide ions. 
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The Cen t ( l ) -La ( l ) -Cen t (2 ) angle o f 132.7。is very close to the value o f 131.9(5)。in 
samarium analogue. These values are smaller than those reported for Cp*2La 
complexes7i-73 (136.0。- 140.8°), or Cp*2Sm complexes ( [Cp*2SmCl (THF)] : 136(1)。， 
[Cp*2SmI (THF)] : 137(l)o).43 The C e n t - L a ( l ) - 0 angles range f r om 103.4° to 113.7° 
wh i ch are very simi lar to those found i n the samarium analogue, or i n the 
bisCpentamethylcyclopentadienyl) complexes (102.4°-106.5°).^^ 
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Figure IL8 Crystal Structure o f 4. 
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Table I I .1 Bond Lengths o f 4 (A) . 
La(l)-C(l) 2.825ffl|La(l)-C(2) 2.803(4) 
La(l)-B(4) 2.780(3)La(l)-B(7) 2.777(5) 
La(l)-B(8) 2.808(5)La(l>C(l') 2.834(4) 
La(l>C(2') Z 8 ^ L a ( l ) - B ( 4 ' ) 2.838(4) 
L a ( l V B ( 7 ' ) 2 .772 (5 )La ( l ) -B (8 ' ) 2.855(5) 
La(l)-0(1) 2.537(3) La(l>0(2) 2.562(4) 
C ( l ) - C ( 2 ) — 1.555(5) CXl ) -B(4) 1-661(6) 
C(l)-B(5) 1.698(5) Ql)-B(6) 1.741(6) 
Q2)-B(6) 1.722fflQ2)-B(7) 1-667(6) 
C(2)-B(11) 1.737(6)B(4)-B(5) 1.805(6) 
B(4) -B(8) 1.728(5) B(4) -B(9) 1.778(6) 
B(5)-B(6) 1.775(6)B(5)-B(9) 1.781(6) 
B(5)-B(10) 1.789(6) B(6)-B(10) 1.753(7) 
B(6)-B(11) 一 1.782(5)B(7)-B(8) 1.747(6) 
B(7)-B(11) L760(6)B(7)-B(12) l.ll2{6) 
B(8)-B(9) 1.765fflB(8)-B(12) 1-761(6) 
B(8)-La(2B) 2.995(6)B(9>B(10) 1.778(7) 
B(9)-B( 12) 1.790(5) B(9)-La(2B) 3.055(5) 
B(10)-B(11) 1.771fflB(10)-B(12) 1-808(5) 
B(ll>B(12) 1.758(7) B(12)-La(2B) 3.006(6) 
C(l')-C(2') 1.528(5) C(l')-B(4') 1-650(6) 
C( l ' ) -B (5 ' ) X T T W ) C { V y ^ m 1.732(7) 
C(2')-B(6') L727(5) C(2')-B(7') 1.623(5) 
C(2')-B(11') L 7 ^ B ( 4 ' ) - B ( 5 ' ) 1.803(6) 
B(4')-B(8') 1.765(4)B(4')-B(9') 1.798(7) 
B(5')-B(6') 1.737(6) B(5')-B(9') 1-757(5) 
B(5')-B(lQ') 1.746(6) B(6')-B(10') 1.764(7) 
B(6')-B(11') 1.781(4) B(7')-B(8') 1.753(6) 
B(7')-B(11') 1.779(6)B(7')-B(12') 1.810(7) 
B(7')-La(l) 2.964(7) B(8')-B(9') 1-773(5) 
B(8')-B(12') 1.771(7)B(8')-La(2) 3.087(6) 
B(9 '>B( lQ ' ) 1 .775 (7 )B (9>B(12 ' ) 1-742(5) 
B(9 ' ) -La(2) 2.975(5) B(10')-B(11') 1-762(6) 
B(10' ) -B(12' ) 1.763(4) B ( l l ' ) - B ( 1 2 ' ) 1.745(7) 
B ( l l > L a ( l ) 2 .562(5 )B(12 ' ) -La ( l ) 2.343(5) 
B(12')-La(2) ~ ~ 3.093(6) 0(l)-C(3) 1.414(5) 
Q ( l > C ( 6 ) 1.410(5) C(3>C(4) 1.411(5) 
C(4)-C(5) 1.440(6) C(5>C(6) 1.408(5) 
0(2)-C(7) 1.432(6) 0(2)-C(lQ) 1.407(5) 
C(7)-C(8) 1.425(6) C ( 7 ) - L a ( l A ) 3.062(7) 
C(8)-C(9) 1.442(6) C(9)-C(10) 1.416(6) 
N a ( l ) - 0 ( 3 ) 一 2 .333 (5 )Na( l>C(13 ' ) 2.333(5) 
Na(l)-C(14) 3.032(6)Na(l)-C(7A) 3.062(7) 
Na(2)-0(4) 2.223(3) Na(2)-B(8A) 2.995(6) 
Na(2)-B(9A) 3.055(5) N a � - B ( 1 2 A) 3.006(6) 
N ^ ^ O ' A ) 2.333(5)|0(3)-C(11) 1.460(7) 
M. Phil. Thesis. Part II Synthesis and Structural Characterization of Lanthanacarboranes 
Results and Discussion Page 56 
0 (3 ) -C (14 ) 1.484(7) |0(3 '>C(12) 1 . 3 7 6 ( ^ 
0 (3 ' ) -C(14) 1.431(6) 0 (3 ' ) - La (2A) 2.333(5) 
C(13)-C(12) 1.376(7) C(13)-C(14) 1.431(6) 
C(13) -La(2A) 2.333(5) C(13')-C(11) 1.460(7) 
C(13' ) -C(14) 1.484(7) C ( l l ) - C ( 1 2 ) lA2A{l) 
0(4 ) -C(15 ) 1.417(5) 0 (4 ) -C(18) 1.430(5) 
C(15)-C(16) 1.440(5) C(16)-C(17) 1-465(7) 
C(17>C(18) 1.407(4)1 
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Table I L2 Bond Angles o f 4 (。). 
C ( l ) - L a ( l > C ( 2 ) 3 2 . 1 ( l ) | C ( l > L a ( l ) - B ( 4 ) 34.5(1) 
C (2 ) -La ( l ) -B (4 ) 5 6 . 7 ( l ) C ( l ) - L a ( l ) - B ( 7 ) 56.9(1) 
Q 2 ) - L a ( l ) - B ( 7 ) 34.8(1) B f f l - L a ( l ) - B ( 7 ) ^9.8(1) 
C ( l ) - L a ( l ) - B ( 8 ) — 5 7 . 5 W C ( 2 ) - L a ( l ) - B ( 8 ) 聊 ) 
B f f l - L a ( l ) - B ( 8 ) 36.0(1) B (7 ) -La ( l ) -B (8 ) 36.5(1) 
Q l ) - L a ( l ) - C ( l ' ) 136.5(1) a 2 ) - L a ( l ) - C ( l ' ) 123.1(1) 
B f f l - L a ( l ) - C ( l ' ) 165.1(1) B ( 7 ) - L a ( l ) - C ( l ) 130.1(1) 
B ( 8 ) - L a ( l ) - C ( l ' ) 158.8(1) C ( l ) - L a ( l ) - C ( 2 ' ) 123.7(1) 
g 2 ) - L a ( l ) - C ( 2 ' ) 132.1(1) B f f l - L a ( l ) - C ( 2 ' ) 135.6(1) 
B (7 ) -La ( l ) -C (2 ) 157.8(1) B (8 ) -La ( l ) -C (2 ) 165.7(1) 
C ( l ' ) - La ( l ) -C (2 ' ) 3 1 . 3 W C ( l ) - L a ( l ) - B ( 4 ' ) 贈 ⑴ 
C ( 2 ) - L a ( l ) - B ( 4 ' ) — 8 9 . 3 m B f f l - L a ( l ) - B ( 4 ' ) 142.3(1) 
B (7 ) -La ( l ) -B (4 ' ) 102.5(1) B (8 ) -La ( l ) -B (4 ' ) 138.9(1) 
C ( l > L a ( l ) - B ( 4 ' ) — 3 3 . 8 W C ( 2 ' ) - L a ( l ) - B ( 4 ' ) ^^-4(1) 
C ( l ) - L a ( l ) - B ( 7 ' ) 90.1(1) CX2)-La( l ) -B(7 ' ) 皿 . 6 ( 1 ) 、 
B W - L a ( l ) - B ( 7 ' ) 109.5(1) B (7 ) -La ( l ) -B (7 ' ) 136.8(1) 
B ( 8 ) - L a ( l > B ( 7 ' ) 145.0(1) C ( l > L a ( l > B ( 7 ' ) ^ 卻 ) 
C(2 ' ) -La( l ) -B(7 ' ) 33.7(1) B(4 ' ) -La( l ) -B(7 ' ) 58.7(1) 
C ( l ) - L a ( l ) - B ( 8 ' ) 79.2(1) Q 2 ) - L a ( l ) - B ( 8 i ) 75.2(1) 
B f f l - L a ( l ) - B ( 8 ' ) l l L 7 ( l ) B ( 7 ) - L a ( l > B ( 8 ' ) 謝 ⑴ 
B(8 ) -La ( l ) -B (8 ' ) 132.4(1) C ( l ' ) - La ( l ) -B (8 ' ) 57.3(1) 
C(2 ' ) -La( l ) -B(8 ' ) 57.1(1) B ( 4 > L a ( l ) - B ( 8 ' ) 36.1(1) 
B ( 7 ' ) - L a ( l > B ( 8 ' ) — 3 6 . 3 ( l ) C ( l ) - L a ( l ) - Q ( l ) 142.9(1) 
Q 2 ) - L a ( l ) - 0 ( 1 ) 1 2 1 . 1 ( l ) B f f l - L a ( l ) - 0 ( l ) ^ 9 . 1 ( 1 ) 
B ( 7 ) - L a ( l ) - 0 ( 1 ) 88.5(1) B ( 8 ) - L a ( l ) - 0 ( 1 ) 87.1(1) 
C ( l ' ) - L a ( l ) - 0 ( 1 ) 74.7(1) C (2 ' ) - La ( l ) - 0 (1 ) 93.4(1) 
B ( 4 ' > L a ( l ) - 0 ( l ) 91.0(1) B ( 7 ' ) - L a ( l ) - 0 ( 1 ) 126.7(1) 
B ( 8 ' ) - L a ( l ) - 0 ( 1 ) 126.9(1) C ( l ) - L a ( l ) - 0 ( 2 ) 膨 ⑴ 
以2 )丄 & (1 ) - 0印 137.1(1) B f f l - L a ( l ) - 0 ( 2 ) 80.5(1) 
B ( 7 ) - L a ( l ) - 0 ( 2 ) 1 2 5 . 4 ( l ) B ( 8 > L a ( l ) - 0 ( 2 ) 89.5(1) 
C ( l ' ) - L a ( l ) - 0 ( 2 ) 97.7(1) C (2 ' ) - La ( l ) - 0 (2 ) 76.6(1) 
B (4 ' ) -La ( l ) -Q(2 ) 130.4(1) B ( 7 ' ) - L a ( l ) - 0 ( 2 ) 88.9(1) 
B ( 8 ' ) - L a ( l ) - 0 ( 2 ) 125.1(1) 0 m - L a ( l ) - 0 ( 2 ) 79.3(1) 
L a ( l ) - C ( l ) - C ( 2 ) 一 7 3 . 2 C T L a ( l ) - C ( l ) - B ( 4 ) 71.3(2) 
C ( 2 ) - C ( l > B ( 4 ) 111.0(3) La ( l ) -CX l ) -B (5 ) 134.9(3) 
Q 2 K X l ) - B ( 5 ) 112.7(3) B ( 4 > C ( l ) - B ( 5 ) 65.0(3) 
L a ( l ) - C ( l V B ( 6 ) 134.9(2) Q2 ) -CX l ) -B (6 ) 62J(2) 
B ( 4 ) - C ( l > B ( 6 ) 115 .6 (3 )B(5 ) -C( l ) -B (6 ) 62.1(2) 
L a ( l K X 2 ) - C ( l ) 7 4 . 8 f f l L a ( l ) - Q 2 ) - B ( 6 ) 137.7(2) 
Q l ) -CX2) -B (6 ) 6 4 . 0 m L a ( l K X 2 ) - B ( 7 ) 71.8(¾ 
C ( l > C ( 2 ) - B ( 7 ) 111.8(3)B(6>C(2) -B(7) 114.6(3) 
L a ( l ) - C ( 2 ) - B ( l l ) 一 132.8(3) C(1)-CX2)-B(11) 112.5(3) 
B(6) -C(2) -B(11) 6 2 . 0印 B (7 ) -Q2 ) -B (11 ) 62.2(3) 
L a ( l ) - B W - C ( l ) 74.3(2) L a ( l ) - B f f l - B ( 5 ) 131.6(3) 
Q l ) - B ( 4 ) - B ( 5 ) 58.5印 L a ( l ) - B f f l - B ( 8 ) 72.9(2) 
C X l ) - B W - B f f l 106.3(3) |B(5) -BW-B(8) 108.9(3) 
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L a ( l > B ( 4 ) - B ( 9 ) 1 3 1 . 2 ( 2 ) | a i ) - B f f l - B ( 9 ) 104.5(3) 
B(5)-B(4)-B(9) 59.6(2) B (8 ) -B f f i -B (9 ) 60.5(2) 
C( l ) -B (5 ) -B (4 ) 5 6 . 5 m C( l ) -B(5) -B(6) 60.1(2) 
B(4)-B(5)-B(6) !。？-！⑵ C( l ) -B(5) -B(9) 102-8(2) 
B(4)-B(5)-B(9) 59.拟)B(6) -B(5) -B(9) 107.1(3) 
C( l ) -B(5 ) -B(10) 103.9(2)Bf f l -B(5) -B(10) 應 . 4 (幻 
B(6VB(5VB(10) 58.9(3) B(9)-B(5)-B(10) 59.8(3) 
C ( l ) -B (6>C(2 ) 53.4(2) C( l ) -B(6) -B(5) 51.1{2) 
C(2)-B(6)-B(5) 101.6(3) Q l ) - B ( 6 ) - B ( 1 0 ) 103.6(3) 
C(2)-B(6)-B(10) 104.4(3) B(5)-B(6)-B(10) 60.9(3) 
CX1)-B(6)-B(11) 102.0(3) a 2 ) - B ( 6 ) - B ( l l ) 39.4(2) 
B(5)-B(6)-B(11) 108.0(3)B(10)-B(6)-B(11) 60.1(2) 
La ( l>B (7 ) -C (2 ) " 7 ^ La ( l ) -B (7>B(8 ) 72.7(2) 
C(2)-B(7)-B(8) 105.K2) L a ( l ) - B ( 7 ) - B ( l l ) 133.2(3) 
C f2 ) -B(7) -B( l 1) 60.9(3) B(8VB(7>B(11) 108-4(2) 
La( l ) -B(7) -B(12) 1 3 1 . 2 m Q2) -B(7) -B(12) 106.1(¾ 
B(8)-B(7)-B(12) 6 0 . 0 m B(1 l ) -B(7) -B(12) 59.7(2) , 
La ( l ) -B(8 ) -B(4 ) " 7 U m L a ( l ) - B ( 8 ) - B ( 7 ) 70.8(2) ： 
B f f l - B ( 8 ) - B ( 7 ) 105.7(3) La( l ) -B(8) -B(9) 130.1(2) 
B(4)-B(8)-B(9) ~ ~ 61 .2mB(7 ) -B (8 ) -B (9 ) 撤 . 0 ( 3 ) 
L a ( l > B ( 8 > B ( 1 2 ) 129.9(3) B f f l -B (8 ) -B (12 ) 109.7(3) 
B(7)-B(8)-B(12) 一 60 .7mB(9 ) -B (8 ) -B (12 ) 61.0(2) 
La( l ) -B(8) -Na(2B) !-•二⑵ B f f l -B (8 ) -Na(2B) 123.3(2) 
B(7)-B(8)-Na(2B) 121.4(3) B(9)-B(8)-Na(2B) 74.9(2) 
B(12)-B(8)-Na(2B) 7 3 . 3 m B f f l -B (9 ) -B (5 ) 60.9(2) 
B f f l - B ( 9 ) - B ( 8 ) 58.拟)B(5) -B(9) -B(8) 應 . 3 ( 3 ) 
B f f l - B ( 9 ) - B ( 1 0 ) — lQ8.1(3)B(5)-B(9)-B(10) 60.3(3) 
B(8)-B(9)-B(10) 108.3(3) B f f l -B (9 ) -B (12 ) 106.2(2) 
B(5)-B(9)-B(12) 108.9(3) B(8)-B(9)-B(12) 59.4(2) 
B(10)-B(9)-B(12) 6 0 . 9 ⑵ B f f l -B (9 ) -Na(2B) m3{2) 
B(5)-B(9)-Na(2B) 179.2(3) B(8)-B(9)-Na(2B) 71.2(2) 
B( lQ)-B(9)-Na(2B) 1 2 0 . 3 m B(12)-B(9)-Na(2B) 71.3(2) 
B(5)-B(10)-B(6) 一 60 .U3)B(5 ) -B ( lQ>B(9 ) ^9.9(3) 
B(6)-B(10)-B(9) 108.2(3)B(5)-B(10)-B(11) 107.8(3) 
B(6)-B(1Q>B(11) 60.8(2) B(9)-B(10)-B(11) 應 . 8 ( 3 ) 
B ( 5 ) - B ( 1 0 ) - B ( 1 2 ) ~ lQ7.8(3)B(6)-B(10)-B(12) 應 . 2 ( 3 ) 
B(9)-B(10)-B(12) 59 .9 (2 )B( l l ) -B (10) -B(12) 58.8(2) 
CX2)-B(1 l ) -B (6 ) 5 8 細 g 2 ) - B ( l l ) -B(7) 56.9(2) 
B(6)-B(1 l ) -B (7 ) 107.3(3) Q 2 ) - B ( 1 l ) -B(10) 103.0(3) 
B ( 6 > B ( l l > B ( 1 0 ) " ^ ^ B ( 7 ) - B ( l l ) - B ( 1 0 ) 應 . 4 ( 3 ) 
C ( 2 ) - B ( l l ) - B ( 1 2 ) ~ ~ 103.7(3)B(6) -B( l l ) -B(12) 109.1(3) 
B ( 7 ) - B ( l l ) - B ( 1 2 ) 6 0 . 5 m B ( 1 0 ) - B ( l l ) - B ( 1 2 ) 61.6(2) 
B(7)-B(12)-B(8) 59 .3 f f l B(7>B(12)-B(9) 肌 8 ( 3 ) 
B(8)-B(12)-B(9) 59 .6切 B(7)-B(12)-B(10) lQ6-2(3) 
B(8)-B(12)-B(10) 107.1(3) B(9)-B(12)-B(10) 59.2(2) 
B ( 7 ) - B ( 1 2 ) - B ( l l l ~ ~ 59.8CTB(8)-B(12)-B(11) 107.8(3) 
B ( 9 ) - B ( 1 2 ) - B ( l l l ~ 106.8(3)B(10)-B(12)-B(11) 39.5(2) 
I g ^ l 2 ) - N a ( 2 B ) 1 1 9 . 9 m | B ( 8 ) - B ( l ^ - N a ( 2 B ) 72.6(2) 
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B(9) -B(12) -Na(2B) 74 .4 f f l |B (10) -B(12) -Na(2B) 121.5(2) 
B ( l l ) - B ( 1 2 > N a ( 2 B ) 1 7 8 . 8 m L a ( l ) - C ( r ) - C ( 2 ' ) 74.2(2) 
L a ( l ) - C ( l ' ) - B ( 4 ' ) 73.2(2) C(2 ' ) -C( l ' ) -B(4 ' ) l H - 9 ( 3 ) 
L a ( l ) - C ( l ' ) - B ( 5 ' ) 134.9(2) C(2 ' ) -C( l ' ) -B(5 ' ) 110.3(3) 
B ( 4 > C ( l ' ) - B ( 5 ' ) 63.4(3) L a ( l ) - C ( l ' ) - B ( 6 ' ) 136.8(2) 
C(2')-C(l')-B(6') 6 3 . 6 � B(4')-C(l')-B(6') 113.5(3) 
B(5 ' ) -C( l ' ) -B (6 ' ) 5 9 . 3 ( 3 ) L a m - C ( 2 ' ) - C ( l ' ) 74.5(2) 
La ( l ) -C(2 ' ) -B (6 ' ) 1 3 7 . 4 m C ( r ) - C ( 2 ’ ) - B ( 6 ’ ) 64.0(2) 
La ( l ) -C(2 ' ) -B (7 ' ) 7 1 . 2 m C( r ) -C(2 ' ) -B (7 ' ) H2 .0 (3 ) 
B ( 6 > C ( 2 > B ( 7 ' ) 1 1 5 . 4 ( 3 ) L a ( l ) - C ( 2 ' ) - B ( l l ' ) 134.0(2) 
C(1')-C(2')-B(11') 113.3(3)B(6')-C(2')-B(11') 61.9(2) 
B(7' ) -C(2 ' ) -B(1 r ) 63.8(3) L a ( l ) - B ( 4 ' ) - C ( l ' ) 73.0(2) 
L a ( l ) - B ( 4 ' ) - B ( 5 ' ) ~ ~ 133.0(3) C( l ' ) -B(4 ' ) -B(5 ' ) 61.7(3) 
L a ( l ) - B ( 4 ' ) - B ( 8 ' ) ~ ~ 72.5(2) C ( l > B ( 4 ' ) - B ( 8 ' ) 105-9(3) 
B ( 5 > B ( 4 ' ) - B ( 8 ' ) 107 .6 (3 )La( l ) -B (4 '>B(9 ' ) 服 丄 ⑵ 
C( l ' ) -B(4 ' ) -B(9 ' ) 105.9(3) B(5 ' ) -B(4 ' ) -B(9 ' ) 58.4(2) 
B(8')-B(4')-B(9') 59.7印€：(1’)-8(5')-8(4’) 54.9(2) , 
C(l')-B(5')-B(6') 59.1(3) B(4')-B(5')-B(6') l06.0Q) � 
C(l')-B(5')-B(9') 102.4(2) B(4')-B(5')-B(9') 60.6(2) i 
B(6 ' ) -B(5 ' ) -B(9^ 109.0(2) C( l ' ) -B (5 '>B(10 ' ) 104.6(3) i 
B(4 ' ) -B(5 ' ) -B( lQ ' ) 108 .5mB(6 ' ) -B (5 ' ) -B (10 ' ) 60.9(3) : 
B(9 ' ) -B(5 ' ) -B(10 ' ) 6 0 . 9 m C ( r ) - B ( 6 ' ) - C ( 2 ' ) 52.4(2) , 
C(l>B(6')-B(5') 61.6(3) C(2')-B(6')-B(5') 103.2(3) 
C( l ' ) -B(6 ' ) -B(10 ' ) 105.7(3) C(2')-8(6')-B(10') 104.4(3) 
B(5 ' ) -B(6 ' ) -B(10' ) 59.8(3) C(1 '>B(6 ' ) -B(11 ' ) 101.9(3) 
C f 2 ' V B ( 6 ' ) - B ( i r ) 5 9 . 3 m ^ 5 ' ) - B ( 6 ' ) - B ( i r ) 107.1(3) 
B(10 ' ) -B(6 '>B(11 ' ) 5 9 . 6 m La( l ) -B(7 ' ) -C(2 ' ) 75.1(2) 
L a ( l > B ( 7 ' ) - B ( 8 ' ) ~ 74.5(2) C(2')-B(7')-B(8') 107-2(2) 
L a ( l ) - B ( 7 ' ) - B ( l l ' ) 135.2印0(2 ’ )-8(7')-6(11’） 61.2(2) 
B(8 ' ) -B(7 ' ) -B(11' ) 108.2(3)La( l ) -B(7 ' ) -B(12 ' ) 132.2(2) 
C(2 ' ) -B(7 ' ) -B( 12') 105 • 1 (3) B(8 ' ) -B(7 ' ) -B( 12') 59.6(3) 
B ( l l ' ) -B (7 ' ) -B (12 ' ) 58 .2 (3 )La ( l ) -B (7 ' ) -Na ( l ) 165.4(1) 
C(2 ' ) -B(7 ' ) -Na( l ) 118.6(3)B(8 ' ) -B(7 ' ) -Na( l ) l _ ( 3 ) 
B ( l l ' ) - B ( 7 ' ) - N a ( l ) 59 .3 f f lB (12 ' ) -B (7 ' ) -Na ( l ) 32.2(2) 
L a ( l > B ( 8 ' ) - B ( 4 ' ) 71.拟)La ( l ) -B (8 ' ) -B (7 ' ) 69.3(2) 
B(4 ' ) -B(8 '>B(7 ' ) 102.9(3)La( l ) -B(8 ' ) -B(9 ' ) 130.4(2) 
B(4 ' ) -B(8 ' ) -B(9 ' ) 61.1(2) B(7' ) -B(8' ) -B(9' ) 107.1(3) 
La( l ) -B (8 ' ) -B(12 ' ) 129.4(3)B(4' ) -B(8 ' ) -B(12') 106.7(3) 
B(7 ' ) -B(8 ' ) -B(12' ) 61.8(3)B(9 ' ) -B(8 ' ) -B(12' ) 58.9(2) 
La( l ) -B(8 ' ) -Na(2 ) 153.8(2)B(4') -B(8' ) -Na(2) H8 .3 (2 ) 
B ( 7 > B ( 8 > N a ( 2 ) 1 2 6 . i m B(9')-B(8')-Na(2) 69.6(2) 
B(12') -B(8 ' ) -Na(2) 73.5(2)B(4 '>B(9 ' ) -B(5 ' ) 60.9(2) 
B(4 ' ) -B(9 '>B(8 ' ) 59.3C2) B(5') -B(9' ) -B(8' ) 109.3(3) 
B(4 ' ) -B(9 ' ) -B(10' ) lQ7.4(3)B(5 ' ) -B(9 ' ) -B(10' ) 59.2(2) 
B ( 8 ' ) - B ( 9 ' ) - B ( 1 0 Q ~ 109.3(3)B(4 ' ) -B(9 '>B(12 ' ) 106.5(3) 
B ( 5 ' ) - B ( 9 ' ) - B ( 1 ^ ~ lQ7.5(3)B(8 ' ) -B(9 ' ) -B(12' ) 60.5(2) 
B ( 10 ' ) -B(9 ' ) -B( l 2') 60.1 ⑵ B(4')-B(9')-Na(2) 122.4(2) 
B ^ ^ ( 9 ' ) - N a ( 2 ) 173 .8m|B(8 ' ) -B (9 ' ) -Na(3 7 6 . 洒 
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B(10 ' ) -B(9 ' ) -Na(2) 121 .6⑵ |B (12 , ) -B (9 ' ) -Na⑵ 77 .K2 ) 
B ( 5 > B ( 1 0 ' > B ( 6 ' ) 5 9 . 3 ( 3 ) B ( 5 > B ( 1 0 > B ( 9 ' ) 59.9(2) 
B(6 ' ) -B( lQ ' ) -B(9 ' ) 107.Q(3)B(5 ' ) -B(10 '>B(11' ) 107.6(3) 
B(6 '>B(1Q') -B(11 ' ) 60.7(2) B (9>B(10 ' ) -B (11 ' ) 106.5(3) 
B(5 ' ) -B( 1 Q')-B( 12,) 107.1 (3) B ( 6 > B ( 10')-B( 12') 107.6(3) 
B(9 '>B(10 ' ) -B(12 ' ) 5 9 . 0 m B ( i r ) - B ( 1 0 ' ) - B ( 1 2 ' ) 59.3(2) 
C ( 2 ' ) - B ( l l ' > B ( 6 ' ) 58.8(2) C (2 ' ) -B ( l l ' ) -B (7 ' ) 55.0(2) 
B ( 6 ' ) - B ( l l ' > B ( 7 ' ) 1 0 5 . 5 ( 3 ) C ( 2 ' ) - B ( l l ' > B ( 1 0 ' ) 104.1(3) 
B f 6 ' V B ( l l ' V B ( 1 0 ' ) 5 9 . 7 m B ( 7 ' ) - B ( i r ) - B ( 1 0 ' ) 觀 . 7 ( 3 ) 
C f 2 ' V B ( l 1 ' )-B( 12') 103.2(3) B(6 ' ) -B(11 ')-B( 12') 107.6(3) 
B ( 7 ' ) - B ( l l ' > B ( 1 2 ' ) 6 1 . 8 ( 3 ) B ( 1 0 ' ) - B ( l l ' > B ( 1 2 ' ) 60.4(2) 
C ( 2 ' ) - B ( l l ' ) - N a ( l ) 1 3 6 . 4 ( 2 ) B ( 6 ' > B ( l l ' ) - N a ( l ) 161.7(3) 
B ( 7 ' ) - B ( l l ' ) - N a ( l T " 8 4 . 0 m B ( 1 0 ' ) - B ( i r ) - N a ( l ) 102.6(3) 
B ( 1 2 ' ) - B ( l l > N a ^ 62 .6mB(7 ' ) -B (12 ' ) -B (8 ' ) 58.6(2) 
B ( 7 ' ) - B ( 1 2 ' ) - B ( ^ ~ ~ 106.Q(3)B(8 ' ) -B(12'>B(9 ' ) 60.6(2) 
B(7 ' ) -B(12 ' ) -B(10 ' ) 107.2(3)B(8 ' ) -B(12 ' ) -B(10 ' ) 109.9(3) 
B(9 '>B(12 ' ) -B(10 ' ) 6 0 . 9 f f l B ( 7 ’ ) - B ( 1 2 ’ ) - B ( i r ) 60.0(3) 、 
B(8>B(12')-B(11') 108.9(3)B(9>B(12>B(11') m.7(2) ； 
B(10' ) -B(12 ' ) -B(11 ' ) 6 0 . 3 ⑵ B ( 7 ’ ) - B ( 1 2 ’ ) - N a ( l ) 90.1(2) , 
B (8 ' ) -B (12 ' ) -Na( l ) 1 3 3 . 8 m B ( 9 ' ) - B ( 1 2 ' ) - N a ( l ) 163.6(3) i 
B ( lQ ' ) -B (12 ' ) -Na( l ) 1 1 1 . 6 ( 3 ) B ( l l ' > B ( 1 2 ' ) - N a ( l ) 76.1(2) \ 
B(7 ' ) -B(12 ' ) -Na(2) 123 .2 f f l B(8 ' ) -B(12' ) -Na(2) 73.2(2) ’ 
B(9 ' ) -B(12 ' ) -Na(2) 69 .6mB(10 ’ ) -B (12 ’ ) -Na (2 ) H6 .5 (2 ) 
B ( l l ' ) - B ( 1 2 ' ) - N a ( 2 ) 1 7 6 . 5 m N a ( l ) - B ( 1 2 i ) - N a ( 2 ) 104-6(2) 
L a ( l ) - C ( l ) - C ( 3 ) 1 2 7 . 7 ( 3 ) L a ( l ) - C ( l > C ( 6 ) 125.8(2) 
C ( 3 ) - 0 ( l ) - C ( 6 ) 106.4(3) Q( l ) -C(3 ) -C(4 ) 109.8(4) 
C ( 3 ) - C f f l - C ( 5 ) 106.0(3) C W - C ( 5 ) - C ( 6 ) 107-5(3) 
0 ( l ) - C ( 6 ) - C ( 5 ) 108.6(3) LaW-CX2) -C(7) H9 .5 (3 ) 
L a ( l ) - 0 ( 2 ) - C ( 1 0 ) 131.5(3) C (7>0 (2 ) -C(10 ) 105.7(3) 
O m - C ( 7 ) - C ( 8 ) 107.9(4) • • - C ( 7 ) - N a ( l A ) 149.7(2) 
C (8 ) -C (7 ) -Na ( lA ) 83.7(3) C(7)-C(8)-C(9) 105.1(4) 
C ( 8 > C ( 9 ) - C ( 1 0 ) — 106.9(3) CX2)-C(10)-C(9) 109.5(4) 
B ( 7 ' ) - N a ( l ) - B ( l l ' ) 3 6 . 7 W B ( 7 ' ) - N a ( l ) - B ( 1 2 ' ) 37.7(2) 
B ( l l ' ) - N a ( l ) - B ( 1 2 ' ) 4 1 . 4 m B ( 7 ' ) - N a ( l ) - C ( 3 ) 101-4(2) 
B ( i r ) - N a ( l ) - C ( 3 ) 113.7(3)B(12 ' ) -Na( l ) -C(3) 138.8(3) 
B ( 7 ' > N a ( l > C ( 1 3 ' ) l Q 1 . 4 ( 2 ) B ( l l ' ) - N a ( l ) - C ( 1 3 ' ) H3 .7 (3 ) 
B(12 ' ) -Na( l ) -C(13 ' ) 138.8(3) Q(3) -Na( l ) -C(13 ' ) 0 ^ 
B(7 ' ) -Na( l ) -C(14) 1 2 4 . 6 ( 2 ) B ( l l ' ) - N a ( l > C ( 1 4 ) 120.7印 
B(12 'VNa( l ) -C (14 ) 160.3(3) 0 (3 ) -Na ( l ) -C (14 ) 28.5(2) 
C(13 ' ) -Na( l ) -C(14) 28.5 m B(7 i ) -Na( l ) -C (7A) 132.4(1) 
B ( l l ' > N a ( l ) - C ( 7 A ) 105 .9 (2 )B(12 ' ) -Na( l ) -C(7A) 96.1(2) 
0 ( 3 ) - N a ( l ) - C ( 7 A ) 1 2 5 . 0 m C(13 ' ) -Na( l ) -C(7A) 125.0(2) 
C (14 ) -Na( l ) -C (7A) 98.0(2) B(8 ' ) -Na(2)-B(9' ) 33.9(1) 
B ( 8 ' ) - N a ( 2 ) - B ( 1 2 ~ 33 .3( l )B(9 ' ) -Na(2) -B(12 ' ) 33.3(1) 
B (8 ' ) -Na(2 ) -Q4) — 94.0(2^ B ( 9 ' ) - N a ( 2 ) - a 4 ) 125 .8印 
B(12') -Na(2)-C(4) 98.3 m B(8 ' ) -Na(2) -B(8A) 138.0(2) 
B ( 9 ' ) - N a ( 2 ) - B ( 8 A T " 115 .4 ( l )B (12 ' ) -Na(2) -B(8A) 辦-？⑵ 
O ^ W a ( 2 ) - B ( 8 A ) 94 .5m|B(8 ' ) -Na(2 ) -B (9A) 136 .8 f f l 
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B(9 ' ) -Na(2) -B(9A) 103.2( l ) |B(12 ' ) -Na(2) -B(9A) 112.6(1) 
0 (4 ) -Na (2 ) -B (9A ) 1 2 3 . 6 m B ( 8 A ) - N a ( 2 ) - B ( 9 A ) 33.9(1) 
B(8 ' ) -Na(2) -B(12A) 1 7 0 . 5 m B ( 9 ' ) - N a ( 2 ) - B ( 1 2 A ) 137.5(1) 
B(12 ' ) -Na(2) -B(12A) 138.4(2) O f f l - N a ( 2 ) - B ( 1 2 A ) 92.4(1) 
B (8A) -Na (2 ) -B (12A) 3 4 . K l ) B ( 9 A ) - N a ( 2 ) - B ( 1 2 A ) 34.3(1) 
B(8 ' ) -Na(2) -C(3 'A) 94.5(2) B(9 ' ) -Na(2)-C(3 'A) 95.2(1) 
B(12 ' ) -Na(2) -C(3 'A) 124 .2 (2 )Of f l -Na(2 ) -C(3 'A ) 105.7口) 
B(8A) -Na(2 ) -C(3 'A ) 122.3(2)B(9A) -Na(2) -C(3 'A) 94.6(2) 
B (12A) -Na(2 ) -C(3 'A ) 9 0 . 6 m N a ( l ) - C ( 3 ) - C ( l 1) H5 .5 (2 ) 
Na ( l ) -C (3 ) -C (14 ) 102.9(3) C(1 l ) -C(3) -C(14) 104.5(4) 
C(12)-C(3 ' ) -C(14) 107 .1 f f lC (12) -C(3 ' ) -Na(2A) 123.9(3) 
C(14)-C(3 ' ) -Na(2A) 129.0(3)C(12)-C(13)-C(14) 107.1(4) 
C(12VC(13) -Na(2A) 123.9(3) C(14>C(13) -Na(2A) 129.0(3) 
N a ( l ) - C ( 1 3 ' ) - C ( l l ) ….；⑵卿)-。(…-。(“) 102.9(3) 
C ( l l ) - C ( 1 3 ' ) - C ( 1 4 ) I 0 4 . 5 f f l 0 ( 3 ) - C ( l l ) - C ( 1 3 ' ) 0 ^ 
0 ( 3 ) - C ( l l ) - C ( l ^ ~ ~ 106.6(4) C ( 1 3 ' > C ( l l ) - C ( 1 2 ) 擺 圳 
0(3 ' ) -C(12) -C(13) 0.0(1) 0 (3 ' ) -C(12) -C( l 1) l H - 6 ( 4 ) , 
C(13)-C(12)-C(11) 111.6(4) Na( l ) -C(14) -C(3 ) 48.6(2) ； 
Na( l ) -C(14) -C(3 ' ) 136.7(3) 0(3) -C(14)-C(3 ' ) 107.5(4) 丨 
Na( l ) -C (14yC(13 ) 136.7(3) 0 (3 ) -C(14>C(13) 107.5(4) i 
0 (3 ' ) -C(14) -C(13) 0 .0 ( l )Na ( l ) -C (14 ) -C (13 ' ) 48.6(2) ； 
0(3) -C(14) -C(13 ' ) 0.0(1) 0(3 ' ) -C(14)-C(13' ) 107.5(4) 、 
C(13)-C(14)-C(13') 1 0 7 . 5 f f l N a ( 2 ) - C f f l - C ( 1 5 ) 128.4(3) 
Na (2 ) -C f f l -C (18 ) 125.5(3) C(15 ) -C f f l -C (18 ) 碰.0 ( 3 ) ； 
0(4) -C(15) -C(16) 106.1(4) C(15)-C(16)-C(17) 103.7(4) 
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II.2.A.ii. Half-Sandwich Type Complexes. 
React ion o f LnCl3 w i t h one equiv. o f Na2[C2B9Hn] in T H F gave complexes 
{ (THF)2Na} {(C2B9H11)2La(THF)2} (7) as whi te crystall ines i n 65% y ie ld or 
(C2B9H11)LnCl2Na(THF)n ( L n = Y (8) (whi te solid, n 二 2, 33%), L n = Sm (9) (ye l low 
sol id, n = 4, 45%), L n = Er (10) (pink sol id, n 二 4，66%), L n = Y b (11) (dark red 
sol id, n = 2, 58%) and L n 二 L u (12) (whi te solid, n = 4, 45%)) (Equat ion I I .2). I t is 
noteworthy that complex 7 is identical to complex 4 after careful analyses o f 
spectroscopic data. The expected hal f -sandwich complex, (C2B9H11)LaCl2Na(THF)n, 
was not isolated. This disproport ionat ion or l igand redistr ibut ion phenomenon is we l l , 
、 
k n o w n i n cyclopentadienyl system, ^^ but not reported i n C2B9 system before. I t is also ； 
< 
k n o w n in [C2B10H12f - system.^^ The above reactions are summarized i n Scheme II.1. : \ 、 
\ 
LnCl3 + Na2C2B9H11 _ ™ F 一 (C2B9H11)LnCl2Na(THF)n + NaCl (II.2) 
<i 
n = 2, L n = Y ( 8 ) whi te ； 
1 
L n = Y b ( l l ) dark red ！ 
( 
n = 4, L n = Sm (9) ye l low 
L n = E r (10) p ink 
L n = L u (12) whi te 
LaCl3 + Na2C2B9H11 • [(C2B9H11)LaCl2Na(THF)n] 
disproport ionat ion 
y 
LaCl3 + 2Na2C2B9H11 • {(THF)2Na){(C2B9Hii)2La(THF)2} 
Scheme I I .1 
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A l l synthesized compounds are extremely air- and moisture-sensitive but stable under 
a dry and inert atmosphere. They were fu l ly characterized by spectroscopic and 
elemental analyses. I t should be point out that the number o f T H F molecules obtained 
f rom elemental analyses and 〖H N M R may be different in some cases due to the weak 
interactions between metal and THF. This assumption is supported by observing the 
loss oftransparency o f the crystals during the crystal mounting. Most o f t he ^U N M R 
spectra support the 1:4 molar ratio o f dicarbollide cage to THF which is the same as 
that obtained f rom the elemental analyses. I t is interesting to note that the ^ B N M R 
spectra are complicated for both 10 and 11，which show some extra-peaks that , 
\ 
disappeared after the addition o f 1 - 2 drops o f water, and the "monoanion-l ike" 
j 
spectra are obtained. It indicates that more than one species exist in the solution, ' 
which may be produced by the f luxional p r o c e s s , ； 
^ 
〜 
Based on the spectroscopic analyses and elemental analyses, the structures o f these , 
I 
half-sandwich complexes are proposed to be (C2B9H11)LnCl2Na(THF)n (n = 1 - 4) i 
(Figure IL9). ‘ 
！ 
I 
Q\ 0 : 
^ N a ^ 
r x < > 。 
0 — — - L n - 0 
U 詹 、 , v J 
,z / i \ X 
^ A ^ 
_ 
Figure II.9 Proposed structure o f (C2B9H11)LnCl2Na(THF)4 
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I n order to con f i rm the above proposed structure, the single crystal X - ray analyses are 
desired. A f te r many t imes o f recrystal l izat ion, part ial hydrolysis products were 
isolated (Equat ion IL3) . These complexes are fu l l y characterized by elemental and 
spectroscopic analyses. The ^H N M R spectrum supports the ratio o f 5 T H F molecules 
per carborane cage by integration. The existence o f [C2B9H12]' was jus t i f ied by 
observing the peak in a pat tem o f 2:2:1:2:1:1 in " B N M R spectrum and the 
absorption at about 2500 cm'^ i n IR spectrum. The carbon and hydrogen analyses may 
show less number o f T H F molecules attached because they are l iable i n nature. 
Complex 14 was also characterized by X- ray analyses. Its molecular structure 
%： 
contains the discrete cation and anion (Figure 11.10). The seven-coordinate cationic : 
I 
species is simi lar i n structure to [Y(^(THF)5]+,23 [CeCl2(THF)5]+/5 [TbCl2(THF)5]", ' ' ‘ 
PyCl2(THF)5]+,25 and [SmI2(THF)5]^.'' '^^ The two C1 atoms are i n a trans manner and : 
occupy the axial positions. The counter ion, known as 7,8-dicarbaundecaborate ion, is 
、 
shown to have almost the same structure as previously reported one/^'^^ 1 
I 
I 
THF THF \ / 
Na 「 1「 H -
C1 , \ \ \ THF 〒1 皿 ^ C Z ^ ‘ 
™ * ™ + 出 0 ^ ^ < w _ ( " - 3 ) 
/ /丄\ \ l r i r 厂丨 ^^^ 
4^''K'--^ 
_ 
13 L n = Y , colorless 
14 L n = Yb , colorless 
15 L n = Er, p ink 
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The bond distances and bond angles are l isted i n Tables II.3 and I I .4, respectively. 
The Y b - C l bond lengths are 2.514(2) and 2.528(2) A w i t h an average value o f 
2.521(2) A . This value is comparable to those found i n YbCl3 (THF)3 (2.525 入严 and 
[Cl2Yb( / / -Cl)(THF)2]2 [2.490(3) A].26 The average Y b - 0 bond distance is 2.357 人 
w i t h the range f r o m 2.351(4) to 2.362(4) A , wh i ch is longer than the average Y b - 0 
bond i n [Cl2YbC^-Cl)(THF)2]2 [2.268(7) A ] and 2.265 A i n YbCl3 (THF)3. The 
reason may be due to the larger coordiant ion number o f Y b atom in [YbCl2(THF)5]+. 
The C l ( l ) - Y b ( l ) - C l ( 2 ) angle is 179.2(1)。. The C l - Y b - 0 angles are close to 90° w i t h 
the range f r o m 87.6(1)。-92.2(1)°. The O - Y b - 0 angles are nearly 72。[71.6(2)。- , I »: 
72.3(3)°]. These values indicate that [YbCl2(THF)5]+ adopts an almost perfect regular \ 
pentagonal b ipyramidal geometry. 
I 
I 
The structure o f [C2B9H12]- is simi lar to the one i n [H(HMPA )2] [C2B9H12] ^ ^ Table , 
IL5 lists the selected bond lengths for 14 and [H(HMPA)2][C2B9H12]. : 
I 
Table I I .5. Selected bond lengths ( A ) for [YbCl2(THF)5][C2B9H12] and ！ 
[H(HMPA)2][C2B9H12]. : 
Compound fYbCl2(THF)5l「C2B9H12I [H(HMPA)2l「C2B9H12I 
C ( l ) - C ( 2 ) 1.527(7) 1.524(3) 
C(2) - B(3) 1.688(9) 1-606(3) 
B(3) - B (4 ) 1.726(6) 1.817(3) 
B ( 4 ) - B ( 5 ) 1.699(9) 1-849(3) 
B ( 5 ) - C ( 1 ) 1.686(7) 1.613(3) 
The only difference between these two anions is the H(4) posit ion, br idging vs. 
terminal. I t is not clear at this moment whether this argument is correct since the 
hydrogen posi t ion cannot be accurately located in X- ray analyses. The structural 
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Figure 11.10 Crystal Structure o f l 4 . 
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Figure 11.10 Crystal Structure o f 14. 
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Table II .3 Bond Lengths o f 14 ( A ) . 
Y b ( l ) - Q ( l ) 2 .358 (5 ) |Yb ( l ) - 0 (2 ) 2.351(4} 
Y b ( l ) - 0 ( 3 ) 2.360(5) Y b ( l ) - 0 ( 4 ) 2.354(5) 
Yb(l)-0(5) 2 ."^^YK1)-C1(1) 2.528(2) 
YKl)-Cl(2) 2 3 T ^ Q ( l ) - C ( 3 ) 1 . 卿 ) 
0 ( l ) - C ( 6 ) — L 4 ^ C ( 3 ) - C ( 4 ) " 3 5 _ 
C(4)-C(5) — 1 . 3 9 ^ C ( 5 ) - C ( 6 ) 1-443(11) 
0 (2 ) -C (7 ) 1.430(4) 0 ( 2 ) - C ( i 0 ) 1.434(8) 
C(7)-C(8) — L 4 0 ^ C ( 8 ) - C ( 9 ) 1 .報 ( 6 ) 
c r 9 v c r i m 二 1.392(6) 0 ( 3 ) - C Q D 1.427(8) 
O G V a i 4 ) l l ^ C(1 l)-_C(12) 1-489(11) 
C(12)-C(13) l W ( T ) C ( U y ^ 1肩 ( 1 0 ) 
0(4 ) -C(15) 1.397(8) 0 ( 4 ) - C j l 8 ) 1-392(7) 
C(15VC(16) 1 . 4 6 ^ C ( 1 6 ) - C _ q 7 } 1 . 卿 ) 
C(17)-C(18) 1 . 4 1 ^ 0 ( 5 ) - C Q 9 } “ 劑 
0(5 ) -C(22) — 1.416(5) C ( 1 9 > C { ^ 1 . 卿 ) ‘ 
C(2Q>C(21) 1 . 4 ¾ 0 ( 2 1 ) : 0 2 2 ) 1-398(10) ！ 
g i K X 2 ) 1.527(7)C(_l ) :g{g} 1.686(7) ！ 
g i ) -B(6 ) L 7 ^ _ c g ) : m 1 . 卿 ) 
CX2)-B(3) _ _ L 6 ^ C ^ y M l L Z l M ； 
C m - B ( 7 ) 1 .726(7 )B(3>B(4 ) 1.726(6) , 
B(3) -B(7) L 7 ^ B ( 3 ) - B ( 8 ) l -750(5) 
B f f l - B ( 5 ) _ _ ^ , 6 9 9 ( 9 1 B j ^ y ^ L Z M ? ) 
Br4VBf9) r 7 5 ^ B ( 5 ) ^ 口 糊 、 
B(5) -B(10) 1 . 7 3 W ) B ( 6 ) - M n " • ) 
B(6) -B(10) L 7 ^ B { 6 > B ( n ) L Z ^ 
B(7) -B(8) 1.73Q(7)B(7)-B(11) 1.乃3(6) 
B(8) -B(9) 1 .744(7)B(8)-B(11) L Z ^ 
B(9)-B(10) i : 7 ^ B ( 9 ) - B ( l l ) l-760(7) 
B(10)-B(11) 1.749(8)1 J 
>1 
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Table I I .4 Bond Angles o f 14 (。). 
0( iyYMl) -0 (2 ) 7 1 . 9 m | 0 ( i y Y W ) - 0 ( 3 ) U 3 3 ^ 
0 ( 2 ) - Y b ( l > Q ( 3 ) 7 1 . 6 m 0 ( l ) - Y b ( l ) - 0 ( 4 ) 144.5(2) 
0(2)-YbW-0(4) 1 4 l ^ 0(3)-YbW-0(4) 72.2(2) 
0 ( l>Yb( l ) -0(5) 722(2) 0(2)-YbW-0(5) 143.7(2) 
O G V Y b ( l V Q ( 5 ) m ^ 0 ( 4 ) - Y b f f l - 0 ( 5 ) 123{2) 
0 ( l > Y b ( l > C l ( l ) 8 8 . 9 ( l ) 0 ( 2 ) - Y b ( l ) - C l ( l ) 92.9(1) 
0 ( 3 > Y b ( l ) - C l ( l ) 89.0(1) O f f l - Y b ( l ) - C l ( l ) 90.4(1) 
O f f l - Y b ( l > C l ( l ) — 9 2 . 2 ( n O ( l ) - Y b ( l ) - C l ( 2 ) 91.8(1) 
0 ( 2 ) - Y b ( l ) - C K 2 ) — 87.6(1) 0 ( 3 ) - Y b ( l > C l ( 2 ) 90.7(1) 
0 ( 4 ) - Y K l ) - C l ( 2 ) 而 ： 丽 0 ( 5 ) - Y b W - C K 2 ) 87.7(1) 
Cl(l)-YW)-CK2) l 7 ^ Y b W - 0 ( l ) - C ( 3 ) 126.4(4) 
YKlKXl)-C(6) l 2 ^ C(3>0(l)-C(6) 104.6(5) 
( X l ) - C ( 3 ) - C W — 113.4(4) C(3)-C(4)-C(5) m.7{6) 
C(4) -C(5>C(6) — 107 .7 (6 )Q( l ) -C(6 ) -C(5) _ . 3 ( 4 ) 
Ybm-Offl-C(7) l 2 ^ Yb(lHX2)-C(10) 126.9(2) ‘ 
C(7)-Q(2)-C(10) 102.6(4) O m _ C ( 7 ) - C ( 8 ) U M D 、 
C(7)-C(8)-C(9) — 106.5(3)C(8>C(9>C(10) 10^-3(5) ‘ 
Om-C(10)-C(9) 111.5ffl Yb(l)-0(3)-C(ll) ^27.2(4) 
Ybm-0(3)-C(14) 1 2 ^ C(1 l>0(3)-C(14) l M ^ 
0(3>C(1 l>C(12) — 106.7(5) C(1 lVC(12)-C(13) l ^ M ( S 
C(12)-C(13>C(14) 1 0 ¾ 0(3) -C(14) -C(13) 跳 1 ( 5 ) 
YW>0(4)-C(15) l ^ ^ Y W ) - O W - C ( 1 8 ) 126.5(4) 
C ( 1 5 H X 4 ) - C ( 1 8 ) 1 0 ^ 0(4) -C(15) -C(16) 110.乂4) 
C(15)-C(16)-C(17) l C T ^ C ( 1 6 ) - C ( 1 7 ) - C ( 1 8 ) 106.8(6) 
O W - C ( 1 8 ) - C ( 1 7 ) 1 1 面 删 - 0 ( 5 ) - 。 ( 1 9 ) 127.0(2) 
Y b f f l - 0 ( 5 ) - C ( 2 2 ) 1 2 ^ C(19) -0(5) -C(22) 碰.3 ( 4 ) 
0 (5 ) -C ( 19)-C(2Q) 1 0 7 ^ C( 19)-C(2Q)-C(21) 辦.1 ( 5 ) 
C(20)-C(21)-C(22) r O T ： ^ 0 (5) -C(22) -C(21) 撤 . 1 ( 5 ) 
C ( 2 ) - C ( l > B ( 5 ) 115.2(5) CX2)-CXl)-B(6) 63.7(3) 
B(5)-C(l)-B(6) 112.6(3) C(2)-C(l)-B(lQ) H2.1(4) 
B ( 5 ) - C ( l ) - B ( l Q ) 61 .0 (3 )B(6 ) -C( l ) -B (10 ) ^0.0(3) 
C(l)-Q2)-B(3) n ^ ) C(lKX2)-B(6) 63.3(4) 
B(3) -C(2>B(6 ) 112.8(3) C ( l ) -C (2 ) -B (7 ) 丄 旧 ⑶ 
B(3)-CX2)-B(7) " 6 L 5 f f l B(6)-CX2)-B(7) 60.0(3) 
CX2)-B(3)-B(4) 96.7fflCX2)-Bffl-B(7) 60.3(3) 
Bffl-B(3)-B(7) lQ4^5W Cm_B(3)-B(8) 膨 ⑷ 
B f f l - B ( 3 ) - B ( 8 ) 59.9(3) B(7) -B(3) -B(8) ^9.3(3) 
B ( 3 ) - B f f l - B ( 5 ) 117.5(4) B ( 3 ) - B f f l - B ( 8 ) 60.7(3) 
B (5VB(4VB(8 ) 110.9(5) B ( 3 ) - B f f l - B ( 9 ) H2 .0 (4 ) 
B ( 5 ) - B f f l - B ( 9 ) 60.7(3) B(8) -B(4) -B(9) 60.0(3) 
C ( l > B ( 5 ) - B ( 4 ) " 9 ^ C ( l ) -B (5 ) -B (9 ) _ 8 f f l 
B f f l - B ( 5 ) - B ( 9 ) 61.2(3) C ( l ) -B (5 ) -B ( lQ ) 60.8(3) 
BW-Bffl-B(10) 105.4(4) B(9)-B(5)-B(10) 59.9(3) 
C( l ) -B (6 ) -C(2 ) 53.0(3) g i ) - B ( 6 ) - B ( 7 ) 脈 ！ ⑶ 
C(2)-B(6)-B(7) 60.3(3) C ( l ) -B (6 ) -B ( lQ ) 60.6(3) 
a 2 ) - B f f l - B ( 1 0 ) 103.8(4 |B(7)-B(6)-B(10) 108.9(4)| 
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Q 1 ) - B ( 6 ) - B ( 1 1 ) l O 6 .O ( 4 ) | a 2 ) -B ( 6 ) -B( l n 106 .3W 
B(7) -B(6) -B(11) 6Q.8(3)B(10)-B(6)-B(11) 60.6(3) 
C m - B ( 7 ) - B ( 3 ) 58.2(3) q 2 ) - B ( 7 ) - B ( 6 ) 59.7(3) 
B (3 ) -B (7VB(6 ) “ 109.6(4) C(2) -B(7) -B(8) 102.7(4) 
B(3 ) -B(7 ) -B(8 ) 60.5(3) B (6 ) -B (7>B(8 ) 107.0(3) 
C(2) -B(7) -B(11) 105 .5 (4 )B(3 ) -B(7>B(11) HQ-2(3) 
B r 6 V B ( 7 V B ( l 1) 60.2(3) B(8) -B(7) -B(11) ^9.8(3) 
B(3 ) -B(8 ) -B(4 ) " 5 9 3 f f l B (3 ) -B (8>B(7 ) 60.2(3) 
B f f l - B ( 8 ) - B ( 7 ) 1 0 4 ： ^ B(3) -B(8) -B(9) l _ U ^ 
B W - B ( 8 ) - B ( 9 ) " ^ 0 ^ B(7) -B(8) -B(9) 109.2(4) 
B(3) -B(8) -B(11) 110.8(4) B (4>B(8 ) -B (11 ) 107.0(4) 
B (7VB(8 ) -B (11 ) 60.8(3) B(9) -B(8) -B(11) 60.7(3) 
B(4) -B(9) -B(5) 58.2(3) B f f l - B ( 9 ) - B ( 8 ) ^9.5(3) 
B(5) -B(9) -B(8) 108 .4 (3 )B f f l -B (9 ) -B (10 ) 103.0(3) 
B r5VB(9VB(10 ) 59.8(3) B(8) -B(9) -B(10) 謝 ⑶ 
B f f l - B ( 9 ) - B ( l l ) 一 105 .2 (3 )B(5>B(9) -B(11) 辦.1 ( 3 ) 
B(8) -B(9) -B(11) 5 9 ^ B(10) -B(9) -B(11) ^0.0(3) , 
C ( l ) - B ( l Q ) - B ( 5 ) — 58 .2 (3 )C( l ) -B (10 ) -B (6 ) ^9.4(3) ！ 
B(5) -B(10) -B(6) 109.7(3) C ( l ) - B ( l Q ) - B ( 9 ) 服 2 ( 4 ) ‘： 
B ( 5 ) - B ( l Q > B ( 9 ) " ^ a ^ B ( 6 ) - B ( 1 0 ) - B ( 9 ) 108.5(4) 
C ( 1 ) - B ( 1 0 ) - B ( 1 1 ) ~ ~ 104.9(3)B(5) -B(10)-B(11) ” 释 ) 
B ( 6 ) - B ( l Q ) - B ( i n 60.3(3)B(9) -B(10) -B(11) 60.6(3) 
B(6) -B(1 l ) - B ( 7 ) " 5 9 : 0 m B (6VB(1 l ) - B ( 8 ) 肌 8 ( 3 ) 
B (7 ) -B(1 l ) - B ( 8 ) 5 ^ B(6) -B(1 l ) - B ( 9 ) ^ . 5 ( 4 ) 
B(7 ) -B(1 l ) - B ( 9 ) 1 0 ^ B(8) -B(1 l ) - B ( 9 ) 59.9(3) 
B ( 6 > B ( l l ) - B ( l Q ) ~ 5 9 . 0 ( 3 ) B ( 7 ) - B ( l l ) - B ( 1 0 ) 1062(3) 
m 8 V B q T V B ( l Q ) 1 0 6 . 2 f f l | B ( 9 ) - B ( l l ) - B ( 1 0 ) 59.4(3)| 
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II.2.B Synthesis and Characterization of an ^x^;-w/^/<7-Samaracarborane. 
II.2.B.i. Synthesis and Characterization of l，2-(C6H5CH2)2-l，2-c/^?^-
C2B10H10 (16) and [Me3NH][mV/(?-7，8-(C6H5CH2)2-7，8-C2B9Hio] (17) 
To the toluene/Et2O solut ion o f o-dicarbardodecarborane was s lowly added 2.1 equiv. 
o f ^ - B u L i , fo l l owed by dropwise addit ion o f excess benzyl bromide, the mixture was 
ref luxed overnight. A f te r adding water to quench the reaction, an extraction was 
performed and the organic layer was seperated. Removal o f the solvent y ie lded the 
pure compound 16 i n 72% yield. Ref lux ing o f 16 w i t h K O H in freshly dist i l led 
methanol overnight, removal o f (MeO)3B along w i t h methanol, and fo l lowed by 1 
addit ion o f Me3NHCl aqueous solut ion gave compound 17 as a whi te sol id i n 96% 
y ie ld (Scheme I I .2) . 
C2B10H12 — ~ l , B u L i _ (C6H5CH2)2C2B10H10 





Scheme I I .2 
Compounds 16 and 17 were characterized by various spectroscopic analyses. The ^H 
N M R spectrum o f 16 shows 2 broad singlets at 7.38 and 3.89 ppm w i t h area ratio 
10:4, wh ich represents the phenyl and methylene protons o f the benzyl groups. The 
i3c N M R spectrum also shows the existence o f the benzyl groups. The ^^B N M R 
spectrum shows three peaks at the ratio o f 2:2:6，which indicates that 16 is a di-
substituted compound. The IR spectroscopy shows the strong B - H absorption at about 
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2600 cm_i. A f te r removing one B - H vertex f r om the cage, the ^ B N M R spectrum o f 
17 shows six signals i n the pat tem o f 2 : l : 2 : 2 : 1 : 1 . 
Compound 16 was also characterized by the X- ray analyses and its molecular 
structure was shown in Figure 11.11. The two benzyl substituents po int apart f o rm 
each other. Tables I I .6 and I I .7 l ist the bond distances and bond angles for 16. 
T w o new C-C bonds are formed after the reaction o f the dil i thiacaborane w i t h benzyl 
bromide. The bond distances are 1.542(3) and 1.543(3) A , wh i ch are very close to 
those reported i n the fo l l ow ing compounds, l - (CH3OCH2)- l ,2 -c/o^o-C2B10Hn 
I 
(1.518(8) A - 1.536(10) A)79 or l , lO-( l ' -Si(CH3)2-2'-CH3 -ctoo- l ' ,2 ' -C2B10H10)2-
c/050-l, lO-C2B8H8 (1 .517(8 )人广 
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Figure 11.11 Crystal Structure o f 16. 
M. Phil. Thesis. Part II Synthesis and Structural Characterization of Lanthanacarboranes 
Results and Discussion ^^9^ ^^ 
Table II.6 Bond Lengths of 16 (A). 
C ( l ) - C ( 2 ) 1 .684 (5 ) |Q l ) -C (3 ) 1 .542^^ 
C ( l ) - B ( 3 ) 1.698(4) C ( l ) - B ( 4 ) 1-701(3) 
CXl ) -B(5) 1 .696(4)CXl ) -B(6 j 1-742(5) 
a 2 V a i Q ) 1.543(3)CX2)-B(3) 1-714(4) 
CX^ -B (6 ) 1 . 7 2 ^ _ - B ( 7 ) 1-700(3) 
C(2) -B(11) 1.708(4) C ( 3 K { 4 } 1 . 聊 ) 
C(4)-C(5) — 1.381(5) C(4)-C(9) 1-362(4) 
C(5)-C(6) 1.374(6) C(6)-C(7) 1.339(5) 
C(7)-C(8) L 3 ^ C(8)-C(9) 1-401(6) 
C(1Q)-C(11) 1 . 5 n f f l C ( l l ) - C ( 1 2 ) ^ _ _ 1 . 3 8 6 ( 4 ) 
C ( l l ) - C ( 1 6 ) L 3 ^ C ( 1 2 ) - C ( 1 3 ) 1-420(6) 
C(13)-C(14) 1 . 3 ^ C ( 1 4 ) - C ( 1 5 ) l M l { A ) 
C(15)-C(16) — 1 .377(6 )B(3>B(4 ) 1-772(5) 
B(3) -B(7) 1 .776(6)B(3) -B(8) 1 . 卿 ) 
B f f l - B ( 5 ) 1 . 7 4 1 ( 4 ) B W - B ( 8 ) 1-775(5) , 
BW-B(9 ) 1.762(4)B(5)jB{6) l.l96{6) 
B(5) -B(9) 1 .769(3 )B(5>B(10) 1-771(6) 
B(6) -B(10) 1 . 7 4 8 ( 3 ) B ( i V B q D 1.750(5) 
B(7) -B(8) L 7 ^ B ( 7 ) : B ( n } " 7 2 ( 4 ) 
B(7) -B(12) 1.786(4) B(8) -B(9) X.166{5) 
B(8) -B(12) L 7 ^ B ( 9 > B a Q ) l-16A{5) 
B(9) -B(12) _ ^ J 4 7 { ^ B j Q Q ) : B ( n ) 1-756(5) 
B(10) -B(12) 1 .764(4 ) |B ( l l ) -B (12) 1.768(3) 
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Table I I .7 Bond Angles o f 16 (。). 
l a 2 K X l ) - C ( 3 ) 115 .8 (2 ) |C (2 ) -g i ) -B (3 ) 6 0 . 亟 
|C(3>C(1>BQ) 一 H7j (2 ) C(2)-C(l)-B(4) 111.0(2) 
|C(3)-C(1)-B(4) U l m B ( 3 ) - C ( l ) - B ( 4 ) 62.8(¾ 
|C(2)-C(1)-B(5) — 111.1(2) C ( 3 K X l ) - B ( 5 ) 122.7(3) 
|Bb)-C(l)-^5) n ^ ) Bffl-C(l)-B(5) 61.7(¾ 
|C(2) -C(1>B(6) S ^ C (3 ) -C ( l ) -B (6 ) U M ^ 
|B(3)-C(l>B(6) l T ^ B(4)-C(l)-B(6) ⑴-斗⑵ 
|B(5)-C(l>B(6) — 6^0(2)C(l>C(2)-C(10) U M ? } 
|C(1)-C(2)-C(3) S m C ( 1 0 K X 2 ) - C ( 3 ) U M S 1 
|C(1)-C(2)-C(6) ^ T ^ C ( 1 0 K X 2 ) - C ( 6 ) 117.1(¾ 
|B(3)-C(2)-B(6) — 112.5(2) C( l ) -C(2 ) -C(7 ) U M f f i 
|C(1Q)-C(2)-B(7) 1 2 涵 B ( 3 ) - g 2 ) - B ( 7 ) 62.1{2) 
|B(6)-C(2)-B(7) — 113.5(2) C ( l ) - C ( 2 > B ( 1 1 ) 109.5(¾ 
| C ( 1 0 ) - C ( 2 ) - B ( 1 1 ) ~ 123.9(3) B(3)-CX2)-B(11) L W 1 
|B (6 ) -C(2 ) -Ba 1) 6 L 2 q ) B ( 7 ) ^ - B ( 1 1 ) 62.6(¾ 
|C(1)-C(3)-C(4) 一 115.3(2) C(3)-C(4)-C(5) 120.9(3) 
l r / 3 V C f 4 V a 9 ) — 120.2(3) C(5)-C(4)-C(9) L M 1 
lri4vcr5va6^ — 120.4(3) c(5)-c(6)-c(7) 1 2 _ ) 
|C (6 ) -C(7 ) -Q8) 一 120.6(4) C(7)-C(8)-C(9) 酬 ⑶ 
l c r 4 v c r 9 v a 8 ) i 2 ^ c m - c ( i o ) - c ( i i ) U M ? ) 
Ic(i0)-c(ll)-c(i2r 120.7(3) C(10)-C(ll>C(16) 120.7(3) 
Ic(12)-C(ll)-C(16r 118.5fflCm)-C(12)-C(13) U M g ^ 
lai2VC(13)-C(14r 120.0(3)C(13)-C(14)-C(15) 1 1 ^ 
I c a 4 ) - C : i ; ; - C ( 1 6 F 1 2 2 . 0 f f l C ( l l ) - C ( 1 6 ) - C ( 1 5 ) 園 ⑶ 
|C(1)-B(3)-C(2) — 5 ^ C ( l > B ( 3 ) - B ( 4 ) 5 ^ 
|C(2)-B(3)-B(4) — 106.3(¾ C(lhM3>Bg} ^ ¾ 
|C(2)-B(3)-B(7) — ^ . 3 ( 2 ) B(4) -B(3) -B(7) 1 ^ 1 
| c ( l V B ( 3 ) - B ( 8 ) — r 0 5 3 ? ^ C(2)-B(3)-B(8) 1 2 ^ 
|B(4)-B(3)-B(8) — 6 ^ B ( 7 ) - B ( 3 ) - B ( 8 ) 60.5(¾ 
| c ( l ) - B ( 4 ) - B ( 3 ) — 5 ^ C ( l ) - B ( 4 ) - B ( 5 ) 5 ^ ¾ 
l R n V R r 4 V B f 5 ) 一 107.8(2) C ( l ) - B W - B ( 8 ) ^ M 1 ^ 
B 3 ) - B ( 4 - B ( 8 ) 5 9 . 8 ^ B ( 5 ) - B f f l - B ( 8 ) 108.5(3) 
p(i )-R(d-Rro) [ ^ ^ B f f l - B f f l - B ( 9 ) 107.7(3) 
B(5) -B(4 -B(9) • ⑵ B(8) -B(4) -B(9) 5 9 ^ 
r n V R r 5 V R m 一 59.3(2) C ( l ) -B (5 ) -B (6 ) ^ } 
|B(4)-B(5>B(6) — 108 .8^ C(l)-B(5)-B(9) l _ 0 ^ ^ 
|B(4)-B(5)-B(9) 一 60.3(2) B(6) -B(5) -B(9) l 0 1 2 Q ) 
| c ( l ) - B ( 5 ) - B ( 1 0 ) — l 0 ^ B ( 4 ) - B ( 5 ) - B ( l Q ) 108.1(¾ 
|B(6) -B(5) -B( lQ) — 5 ^ B ( 9 ) - B ( 5 ) - B ( 1 0 ) 5 M ? 1 
|C(1)-B(6)-C(2) — 5 ^ C ( l ) - B ( 6 ) - B ( 5 ) ^ j j m 
| c (2 ) -B(6) -B(5) — r 0 4 : 4 m C ( l > B ( 6 ) - B ( 1 0 ) 谢 力 ⑵ 
|C(2)-B(6)-B(10) — l Q 5 : ^ B ( 5 > B ( 6 ) - B ( 1 0 ) W 1 
r)i vRr6VBri n — 1 0 ¾ a2)-B(6)-B(11) W ) 
|B(5VB(6) -B(11) — [ 0 7 : 7 m B ( i 0 ) - B ( 6 > B ( l l ) 6 ^ 
l c f2 ) -B(7 ) -B(3 ) — 59.0(2) C(2)-B(7)-B(8) 1 5 ^ 
lB(3) -B(7VB(8) S Q . S m l c m - B m - B f l D _ _ 5 8 . 9 ( 2 ) | 
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B(3 ) -B(7) -B(11) 1Q7.1(2)IB(8)^B(7>B(11) 106.7(2) 
C(2) -B(7) -B(12) 104 .8 (2 )B(3 ) -B(7>B(12) m A { 3 ) 
B(8) -B(7) -B(12) 5 8 . 7 m B ( l l ) - B ( 7 ) - B ( 1 2 ) 59.6(¾ 
B(3 ) -B(8 ) -B(4 ) 60.0(2) B(3 )^B(8>B(7) 60.0(¾ 
B f f l - B ( 8 ) - B ( 7 ) 108.3(2) B(3) -B(8) -B(9) lOlJ{2) 
B(4) -B(8 ) -B(9 ) 59.7(2) B(7) -B(8) -B(9) 108.4(2) 
B ( 3 ) - B ( 8 > B ( 1 2 ) 108.0(2) B f f l - B ( 8 ) - B ( 1 2 ) ^0^.5(2) 
B(7 ) -B(8) -B(12) 6Q.7(2)B(9>B(8) -B(12) ^9.6(2) 
B(4 ) -B(9 ) -B(5 ) — ^ . U 2 ) B ( 4 ) - B ( 9 ) - B ( 8 ) 60.4(¾ 
B(5 ) -B(9 ) -B(8 ) 107.6(2) B f f l - B ( 9 ) - B ( 1 0 ) 107.4(2) 
B ( 5 ) - B ( 9 > B ( l Q ) " 6 p : ^ B ( 8 ) - B ( 9 ) - B ( 1 0 ) m m 
B ( 4 V B ( 9 ) - B q 2 ) — m 2 ( 2 ) B ( 5 ) - B ( 9 > B ( 1 2 ) 應 . 4 ( 2 ) 
B(8) -B(9) -B(12) 59.8(2) B(10)-B(9) -B(12) 60.3(¾ 
B(5 ) -B ( lQ) -B(6 ) 一 61 .4(2)B(5) -B(10) -B(9) ^ 0 ^ 
B (6>B(10 ) -B (9 ) 109.5CTB(5)-B(10)-B(11) 108.6(¾ 
B ( 6 ) - B ( 1 0 ) - B ( 1 1 ) _ 5 9 . 9 m B ( 9 ) - B ( 1 0 ) - B ( l l ) 108.2(¾ 
B ( 5 > B ( l Q ) - B ( 1 2 ) l " 0 7 : ^ B ( 6 ) - B ( 1 0 ) - B ( 1 2 ) 應 . 5 (幻 
B ( 9 ) - B ( l Q ) - B ( 1 2 ~ 59.4(2) B ( l l > B ( 1 0 ) - B ( 1 2 ) 603{2) 
C ( 2 ) - B ( l l ) - B ( 6 ) 60.0(2) C ( 2 ) - B ( l l > B ( 7 ) ^^.5(2) 
B (6 ) -B(1 l ) - B ( 7 ) m ^ g 2 ) - B ( l l > B ( l Q ) l _ 0 5 ^ 
B(6 ) -B(1 l ) -B (10 ) — 59.8 m B ( 7 ) - B ( l l ) - B ( 1 0 ) 108.9(¾ 
a 2 ) - B ( l l > B ( 1 2 ) f 0 l ^ B ( 6 ) - B ( l l ) - B ( 1 2 ) 應 . 3 ( 3 ) 
B ( 7 ) - B ( l l ) - B ( 1 2 r " 6 0 . 6 m B ( 1 0 ) - B ( l l ) - B ( 1 2 ) 60.1(¾ 
B r 7 V B f l 2 V B ( 8 ) " 6 ^ B ( 7 ) - B ( 1 2 ) - B ( 9 ) 109.2(¾ 
B(8) -B(12) -B(9) — 60.6 m B(7) -B(12)-B(10) 而 . 9 (力 
B ( 8 ) - B ( 1 2 ) - B ( 1 ^ 108.5(2) B(9) -B(12)-B(10) 60.3(¾ 
B ( 7 V B ( 1 2 ) - B ( 1 1 ) ~ 59.8(2)B(8) -B(12) -B(11) ^ . 4 ( ¾ 
B?9^12)-B(11) 108.5印旧(10)-8(12)-8(11^ 59.6(2){ 
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II.2.B.ii. Synthesis and Characterization of an exo-nido-
[{(C6H5CH2)2C2B9H9} S m ( D M E ) 2 ] 2 D M E (18) 70 
React ion o f SmI2 w i t h an equimolar amount ofNa2[7,8-(C6H5CH2)-7,8-/7/Jo-C2B9H9] 
i n T H F at room temperature, removal o f most o f T H F , and addit ion o f D M E gave 
compound 18 as dark-red crystals i n 70% y ie ld according to Equat ion I I .4. 
SmI, + Na2[(C6H5CH2)C,B9H.] ^; ™ > [{(C6H5CH2)2C2B9H9)Sm(DME)2]2.DME (IL4) 
The complex is extremely moisture- and air-sensitive but stable for months under 
inert atmosphere. Traces o f a i r immediately convert the intensely colored 18 to a pale 
ye l l ow powder. Simi lar to other lanthancarboranes o f the C2B9 system, no satisfactory 
commercia l carbon and hydrogen analyses were obtained.'^ I t was, however, 
characterized by various spectroscopic studies, complexometr ic metal analyses and X -
ray d i f f rac t ion studies. The ! H N M R spectrum supports the ratio o f 2.5 D M E 
molecules per [7,8-(QHsCtfc)-7,8-mV/^^-C!B9 ! !9 ]2- anion based on the integration. ^ B 
N M R spectra display a pattem o f resonance similar to that found i n the spectra o f 
monoanion [7,8-(C6H5CH2)-7,8-/7fio-C2B9Hio]-. The sol id state I R spectrum shows a 
typical strong and broad B - H absorption at 2517 c m ' 、 
W i t h the characterization data available it was not possible to ascertain the nature o f 
the bonding interaction between the metal and carborane anions i n the above new 
samaracarborane. I t was necessary to per form a single-crystal X- ray analysis in order 
to elucidate the metal- l igand bonding in this complex. 
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Figure 11.12 shows the molecular structure o f 18. The important bond distances and 
angles are l isted i n Tables IL8 and IL9 , respectively. The main feature o f t h i s structure 
is the presence o f exclusive Sm-H-B bondings between Sm(I I ) and 
dibenzyldicarbol l ide anions. This is the f irst example o f a structural ly characterized 
exo-n/Jo-lanthanacarborane o f t h e C2B9 system to our knowledge. I n this molecular 
structure, each o f t h e two dicarbol l ide moieties serves as a br idg ing l igand for two Sm 
atoms wh i le bonding to one via two B - H bonds f r om the upper belt (C2B3) and the 
other through two B - H bonds f r om the lower belt (B5) to f o rm a centrosymmetric 
dimer. The coordinat ion sphere around each Sm atom is completed by two D M E 
molecules. Thus, the formal coordinat ion number o f the Sm atom is 8. This result 
gives direct evidence for the f lux iona l mechanism proposed by Hawthome.^^ Un l i ke 
metallacarborane o f d-transit ion elements, this f lux ional process does not involved 
any changes i n the ox idaion states o f b o t h Sm and the l igand. 
The exo-polyhedral three-center, two-electron Sm-H-B bonds i n complex 18 result i n 
the much longer Sm-B distances ranging f rom 3 .025(8 )人 to 3.058(8) A w i t h an 
average value o f3 .042 (8 ) A . This type o f b o n d i n g is also known i n other lanthanide 
boron complexes.56，65，82 丁^已 direct Sm(I I ) -B(dicarbol l ide) distance is expected to be 
about 2.926 A by addition of the difference, 0.191 A，between ionic radii of Sm:+ 
(1.270 A ) and Sm]+ (1.079 A ) to the average Sm-cage atom distance o f 2 . 7 3 5 人 i n 
[ (C2%Hii )2Sm(THF;hr.54 The Sm-H-B bond is believed to be weaker in solut ion 
since i t is not observed i n ^^B N M R at room temperatUre. The S m - 0 distances range 
f rom 2.653(8) to 2.707(7) A w i t h an average value o f 2.677 A . This value can be 
compared w i t h those found in Sm(I I ) D M E complexes，2.641 A for 
SmI2(DME)(THF)3,34 2.618 A for Sml2(DMEh(THF)，34 and 2.685 A for 
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Figure 11.12 Crystal Structure o f l 8 . 
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Table I I .8 Bond Lengths o f 18 ( A ) . 
| smrn-Bm 3.025(8)ism(i>B(8) 3 ， ( = 
S m ( l ) - 0 ( 1 ) - ^ 8 M S m ( l ) - 0 ( 2 ) ^ 4 ¾ ¾ 
S m ( l ) - 0 ( 3 ) ^ ( 7 ) S m ( l ) - 0 ( 4 ) 2 , 6 ^ 
S m ( l ) - B ( 9 A ) 3 . 0 4 4 ^ S m Q V B q 2 ^ ^ ¾ 
C ( l ) - C ( 2 ) l _ , 5 5 9 i ^ C ^ i y m 1.618(11) 
C m - B m 1 . 7 W ^ C q i : B ( 6 ) inAA{U) 
C(l)-C(lQ) - 1.546(ll)C(2):B(6) ^ ¾ ¾ 
Cm-B(7) 一 y 9 9 C L 0 ) q ^ : ^ m 1.729(11) 
C(2)-C(3) 1 .541( lQ )B {4 ) :B (5 ) l . l l 3 { U ) 
R f 4 V B m 一 1 . 7 5 8 q ^ B ( 4 ) : B ( 9 ) \ . 1 ^ \ ) 
W^VW6) — 1.789(T^B(5m 1 .項切 
B(5VB(10) 一 1 . 7 5 0 T T ^ B ( 6 J : m L Z M 1 ^ 
B(6)-B(11) — 1 . 7 4 ^ B g ) j ( 8 ) lJ02(l2) 
Rr7vBfin i j W n ) K D : ^ LZZm^ 
Bm-B(9) 1.77^B(8):Ba^ lJ19{l2) 
B 9 ) - B ( 1 0 ) 1 .763(12)B(9VB(12) l.763{l3) 
B ( 9 ) - S m ( l A ) 一 3 . Q W B ( l _ 0 > g m ) L ^ ^ 
B( lQ) -B(12) — 1.770(12) B ( n j j B q ^ L 2 ^ ^ 
B ( 1 2 ) - S m ( l A ) 3 . 0 5 8 ( 8 ) C ( 3 _ J ^ 
C(10)-C(11) 1 . 4 4 5 ( l l ) C ( 1 7 > O a ) h ^ m 
0 ( l ) - C ( 1 8 ) — 1.387(11)C(18)-C(19) “ 華 ) 
C(19) -0 (2 ) 1 . 4 3 5 ( l T j O ( 2 ) - _ C ( ^ 丄 肩 ” 
C ( 2 1 > 0 ( 3 ) L 3 8 0 ( 1 2 ) 0 ( 3 > C ( ^ l J ^ 
C(22)-C(23) — 1 . 3 4 8 ( 1 6 ) C ( 2 3 ) ^ ^ 4 S I ^ 
0 (4 ) -C(24) 1 .397(13)C(25>0(5 ) l J ^ 
O f f l ： ^ 1.307(16)|C(26VC(26A) 1.529(22)| 
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Table I I .9 Bond Angles o f 18 (。). 
B(7)-Sm(l)-B(8) 32.6(2)|B(7)-Sm(l)-0(1) 146.3(2) 
B(8)-Sm(l)-0(1) 142.7(2)B(7)-Sm(l>0(2) 97.7(2) 
B(8>Sm(l>0(2) 82.0(2) 0(l>Sm(l)-0(2) 60.7(2) 
B(7)-Sm(l)-0(3) 82.6mB(8)-Sm(l)-0(3) 106.6(2) 
Q(l)-Sm(lVO(3) 109.3m 0 � - S m ( l ) - 0 ( 3) 160J(2) 
B(7)-Sm(l)-0(4) 90.7印綱-8瓜(1)-0(4) 121-3(2) 
0(iySm(l)-0(4) 69.8(2) Q(2)-Sm(l)-Q(4) 99.3(2) 
0(3)-Sm(l)-0(4) 61._B(7)-Sm(l)-B(9A) 135.0(2) 
B(8)-Sm(l)-B(9AT" 118.2(2) 0(l)-Sm(l)-B(9A) 78.7(2) 
0 ( 2 ) - S m ( l > B ( 9 A ) 1 1 2 划 0 ( 3 ) - S m ( l ) - B ( 9 A ) 79.2(2) 
0(4)-Sm(l)-B(9A) 115.0(2) B(7)-Sm(l)-B(12A) 123.3(2) 
B(8VSm(l)-B(12A) 94.2m 0(l)-Sm(l)-B(12A) 83.7(2) 
0(2)-Sm(l)-B(12A) 87.3(2) 0(3)-Sm(l)-B(12A) 108.8(2) 
Of f l -Smm-B( l^Xr 144.4(2) B(9A)-Sm(l)-B(12A) 33.6(2) 
C(2 ) -C ( l ) -B (4 ) 111.0(6) C (2 ) -C( l ) -B (5 ) Wl.l{6) 
B(4)-C(l>B(5) ~ ~ 63.6(5) C(2)-C(l)-B(6) 62.7(5) 
B ( 4 ) - C ( l > B ( 6 ) 114.9(6)B(5) -CXl ) -B(6) 61.8(5) 
C(2)-C( 1 > C ( 10) 116.2(6) B W - C ( 1 ) -C( 10) 124.5(7) 
B ( 5 V a i V C ( 1 0 ) 119 .2 (6 )B(6 ) -C( l ) -C(10) 111-8(6) 
C(l>C(2)-B(6) 63.9(5) CXlKX2)-B(7) 110.0(6) 
B(6)-CX2)-B(7) 114.2(6) C (1>C(2>B(11 ) 112.3(6) 
B(6)-C(2)-B(11) 6Q.8(5)B(7)-C(2>B(11) 64.6(5) 
C(lKX2)-C(3) 120.1(6) B(6)-CX2)-C(3) 113.8(6) 
B(7)-C(2)-C(3) 121.4(6)B(ll)-CX2)-C(3) 115.9(6) 
aiVBW-B(5) 61.5(5) Ql)-B(4)-B(8) 107.1(6) 
B(5)-B(4)-B(8) 109.2(6) C(l)-B(4)-B(9) 105.9(6) 
B(5)-B(4)-B(9) 58.4(5) B(8)-Bffl-B(9) 60.8(5) 
ai)-B(5)-Bffl 54.9(5) Ql)-B(5)-B(6) 59.3(5) 
Bffi-B(5)-B(6) 105.5(6) CW-B(5)-B(9) 102.0(6) 
BW-B(5)-B(9) 60.0(5) B(6)-B(5)-B(9) 107.7(7) 
C(l)-B(5)-B(10) 103.9(6)Bffl-B(5)-B(10) 107.8(6) 
B(6)-B(5>B(10) 59.4(5)B(9)-B(5)-B(10) 61.1(5) 
C(l)-B(6>C(2) 53.4(4) Ql)-B(6)-B(5) 58.9(5) 
C(2)-B(6)-B(5) 101.9(6) C(l)-B(6)-B(10) 103.5(6) 
C(2)-B(6)-B(lQ) lQ4.2(6)B(5>B(6)-B(10) 59.2(5) 
C(1)-B(6)-B(11) 一 102.9(6) CX2)-B(6)-B(11) 59.7(5) 
B(5>B(6)-B(11) 107.8(6)B(10)-B(6)-B(11) 60.7(5) 
Sm(l)-B(7)-C(2) 144.3(5) Sm(l)-B(7)-B(8) 74.2(4) 
Q 2 ) - B ( 7 ) - B ( 8 ) 109.9(6) S m ( l ) - B ( 7 ) - B ( l 1) 152.3(5) 
C(2) -B(7) -B( 11) 61.2(5) B(8) -B(7) -B( 11) lU.6(6) 
Sm(l)-B(7)-B(12) 105.1ffl Q2)-B(7)-B(12) 107.6(6) 
B(8)-B(7)-B(12) 61.4(5)B(ll)-B(7)-B(12) 59.8(5) 
Sm(l)-B(8)-B(4) 141.3(5) Sm(l)-B(8)-B(7) 73.2(4) 
B(4)-B(8)-B(7) 101.9(5) Sm(l)-B(8)-B(9) 159.4(5) 
B(4)-B(8)-B(9) 59.3(5) B(7)-B(8)-B(9) 105.7(6) 
Sm( 1 ) -B(8) -B( 12) 104.5(5)|B(4)-B(8)-B( 12) 106.2(6) 
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B(7 ) -B (8>B(12 ) 61.4(5) |B(9)-B(8)-B(12) 59.5(5) 
B f f l - B ( 9 ) - B ( 5 ) 61.5(5) B f f l - B ( 9 ) - B ( 8 ) 59.9(5) 
B(5 ) -B(9 ) -B(8 ) 111.0(6) B f f l - B ( 9 ) - B ( 10) 擺 . 3 ( 6 ) 
B (5 ) -B(9) -B(10) 6Q.3(5)B(8)-B(9)-B(10) _ . 4 ( 6 ) 
B W - B ( 9 ) - B ( 1 2 ) 107.4(6) B(5) -B(9) -B(12) 109.4(6) 
B(8)^B(9VB(12) 60.4(5) B (10>B(9) -B(12) 60.3(5) 
B f f i - B m - S m ( l A ) 126.4(5) B ( 5 ) - B ( 9 ) - S m ( l A ) 170.9(5) 
B ( 8 ) - B ( 9 > S m ( l A ) 78.0(4) B (10 ) -B (9 ) -Sm( lA ) 116.5(5) 
B ( 1 2 ) - B ( 9 ) - S m ( l ^ Z M j Q B(5) -B(10) -B(6) 61.4(5) 
B ( 5 V B ( 1 0 V B ( 9 ) 58.6(5) B(6) -B(10) -B(9) 107.3(6) 
B (5 ) -B (10>B(11 ) 108.5(6)B(6)-B(10)-B(11) 39.5(5) 
B(9) -B(10) -B(11) lQ7.4(6)B(5) -B(10) -B(12) 107.6(6) 
B(6) -B(10) -B(12) 108.0(6) B(9) -B(10)-B(12) 59.9(5) 
B f i n - B ( 1 0 V B ( 1 2 ) 60.2(5) g 2 ) - B ( l l ) - B ( 6 ) ^9.5(5) 
C ( 2 > B ( l l ) - B ( 7 ) — 5 4 . 1 W B ( 6 ) - B ( l l ) - B ( 7 ) ^ . 6 ( 6 ) 
g 2 ) - B ( l l ) - B ( 1 0 ) 1 0 3 . 4 ( 6 ) B ( 6 ) - B ( l l ) - B ( l Q ) 39.8(5) 
B ( 7 ) - B ( l l ) - B ( 1 0 ) 105.4(6) CX2) -B( l l ) -B (12) 膨 ⑶ 
B ( 6 ) - B ( l l ) - B ( 1 2 ) 1 0 7 . 9 ( 6 ) B ( 7 ) - B ( l l ) - B ( 1 2 ) 60.0(4) 
B ( 1 0 ) - B ( l l ) - B ( 1 2 ) 59.8(5)B(7) -B(12) -B(8) ^7.2(4) 
B(7) -B(12) -B(9) m ^ B(8) -B(12)-B(9) 60.1(5) 
B m - B ( 1 2 V B ( 1 0 ) 105.7(6) B(8) -B(12)-B(10) 109.0(6) 
B(9) -B(12) -B(10) 59.9(5)B(7) -B(12) -B(11) 60.2(5) 
B (8VB(12VB(11 ) 108.4(5) B(9) -B(12)-B(11) l07Aj6) 
B(10>B(12) -B (11 ) 59 .9 (5 )B (7 ) -B (12 ) -Sm( lA ) 126.5(4) 
B ( 8 ) - B ( 1 2 ) - S m ( l A ) 7 7 . 6 f f l B (9 ) -B (12 ) -Sm( lA ) 72.8(4) 
B ( 1 0 ) - B ( 1 2 > S m ( T A 7 1 1 5 . 6 ( 5 ) B ( l l ) - B ( 1 2 > S m ( l A ) 173.3(5) 
C(2)-C(3)-C(4) — 114.8(6) C(3)-C(4)-C(5) 117.1(3) 
C(3)-CX4)-C(9) [ 2 ^ C ( 1 ) - C ( 1 0 ) - C ( 1 1 ) 1182(6) 
C ( l Q ) - C ( l l ) - C ( 1 2 ) 120 .0 (5 )C(10) -C( l l ) -C (16 ) 丄 綱 ⑶ 
S m ( l ) - 0 ( l > C ( 1 7 ) 123.8(6) S m ( l ) - 0 ( l ) - C ( 1 8 ) ④ ⑶ 
C ( 1 7 ) - 0 ( l ) - C ( 1 8 ) ~ ~ 111.8(7) 0 ( l ) -C (18 ) -C (19 ) 112.1(8) 
a i 8 V a i 9 V Q ( 2 ) 112.6(7) S m ⑴ - 0 ⑵ - C ( 1 9 ) 120.3(5) 
S m ( l ) - 0 m - c ( 2 0 ) l 2 ^ C(19)-CX2)-C(20) l _ ( 7 ) 
Sm( l ) -Q(3) -C(21) 124.1(6) S m W - 0 ( 3 ) - C ( 2 2 ) 11^-9(6) 
C (21>0(3 ) -C(22 ) 115.3(8) 0(3) -C(22)-C(23) 126.9(11) 
C ( 2 2 ) - C ( 2 3 ) - 0 ( 4 ^ ~ ~ 114.0(10) S m ( l H X 4 ) - C ( 2 3 ) U9A(6) 
Sm(l)-Offl-C(24) 126.2(6) C(23)-Offl-C(24) H4.7(8) 
C(25>0(5 ) -C(26 ) 105.4(10)|0(5)-C(26)-C(26A) 109.0(9) 
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II.3 CONCLUSION 
The isolat ion ofanexo-n/Jo- lanthanacarborane o f the C2B9 system has been achieved 
for the f i rst t ime by introducing two bu lky benzyl substituents to the open pentagonal 
face C2B3 o f t h e dicarbol l ide dianion. This impl ies that the substituents could change 
the coordinat ion model between lanthanide ion and dicarboll ide i n some cases, wh i ch 
then i n t u m can affect the stabil i ty o f the particular tautomer. The reaction o f LnCl3 
w i t h [C2B9H11]2- was also examined. The products are dependent upon the molar ratio 
o f L n to the cage. The hal f -sandwich complexes, (C2B9Hu)LnCl2Na(THF)n, were 
isolated f r o m the equimolar reactions. I n the 1:2 molar reactions, bent-sandwich type 
complexes, { (THF)2NaH(C2B9Hn)2Ln(THF)2} were produced. However , the 
expected complex (C2B9Hn)LaCl2Na(THF)n does not result f r om 1:1 molar ratio 
reaction. Instead, c /o^ - [ (C2B9Hu) !La (THF) 2 ] - was formed via a disproport ionat ion 
reaction, wh i ch represents the f irst example o f a structurally characterized early 
lanthanacarborane. Partial hydrolysis o f (C2B9H11)LnCl2Na(THF)x y ie lded the 
structural characterized ionic complex, [LnCl2(THF)5][C2B9H12], wh i ch gives the 
indirect evidence to support the proposed molecular structure o f those hal f -sandwich 
complexes. 
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II.4 EXPERIMENTAL SECTION 
Preparation of {(THF)2NaK(C2B9H11)2La(THF)2}⑷.L a suspension ofNaH (75 
mg, 3.12 mmo l ) i n 15 m L o f T H F was added a T H F solut ion (10 m L ) o f 
[Me3NH][C2B9H12] (200 mg, 1.04 mmo l ) and the mixture was ref luxed overnight. 
The generated Me3N was then removed along w i t h approximately ha l f o f t h e solvent 
under vacuum. The suspension was al lowed to settle. The result ing solut ion was then 
added dropwise at room temperature through a cannula to a stirred suspension o f 
LaCl3 (173 mg, 0.52 mmo l ) i n 10 m L o f THF . The reaction mixture was stirred at 
I 
room temperature for 2 days, then al lowed to settle. The whi te precipitate was f i l tered 
of f . A f te r removal o f three quarters o f the solvent and vapor d i f fus ion o f n-hexane, a 
. j 
colorless microcrystal l ine sol id was formed. The product was then washed w i t h n-
hexane (2 x 3 m L ) and dried i n vacuum to give 241 m g o f 4 (65% y ie ld based on 
C2B9H12"). X- ray qual i ty crystals were grown by s low evaporation o f a T H F solut ion 
o f 4 over months. Complexometr ic anal. Calcd for C20H54Bi8LaNaO4: La, 19.42. 
Found: 18.80. ^H N M R a>yr id ine-^) : 6 3.63 (m, 16H), 2.45 (br s, 4H) , 1.58 (m，16H); 
i3c {^H} N M R (pyridine-d5): 5 67.8, 25.8, carboranyl C - H was unable to be 
observed; " B ( ¾ N M R 0 )y r i d i ne - cy :5 -13 .0 (2), -19.0 (2)，-19.7 (1), -24.4 (2)，-
35.4 (1), -40.0 (1); IR (KBr , cm"^): VBH 2519 (vs), viHF 1097 (s), 803 (s). 
Preparation of {(THF)2Na){(C2B9Hn)2Y(THF)2} (5). The synthetic procedures are 
similar to compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 mmo l ) i n T H F (10 
m L ) and YCl3 (102 mg, 0.52 mmo l ) i n T H F (10 mL) . 220 mg o f compound 5 was 
isolated as a white sol id (64%). Complexometr ic anal. Calcd for C20H54Bi8YNaO4: Y , 
13.37. Found: 14.03. ^H N M R O^yridine-Js)： S 3.63 (m, 16H), 2.42 (br s, 4H) , 1.59 
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(m, 16H); i3c ( ¾ N M R (pyridine-^/s)： 5 67.8, 25.8, carboranyl C - H was unable to 
be observed; " B { ^H} N M R (pyridine-J5): 5 -17.2 (2), -23.0 (2), -24.0 (1)，-28.5 ( 2 ) , -
39.4 (1), -44.0 (1); I R (KBr , cm"^): vsH 2532 (vs), viHF 1048 (s). 
P r e p a r a t i o n o f { (THF )2NaK(C2B9Hn)2Yb (THF )2} (6). The synthetic procedures 
are simi lar to compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 m m o l ) in T H F 
(10 m L ) and YbCl3 (145 mg, 0.52 mmo l ) i n T H F (10 mL) . 249 m g o f compound 6 
was isolated as a dark red sol id (64%). Complexometr ic anal. Calcd for 
C20H54Bi8YbNaO4: Yb , 23.10. Found: 22.58. ' U N M R and 乂 N M R : unable to 
obtain cause by unsuccessful deuterium signal locking; " B ( ¾ N M R feridine-
！ 
ds): 5 -15.7 (2), -21.5 (2)，-22.3 (1), -26.6 (2), -37.6 (1), -42.4 (1); I R (KBr，cm_i): VBH 
2520 (vs), VTHF 1030 (s), 858 (s). 
I 1 j 
i 
i 
P r e p a r a t i o n o f { (THF)2NaH(C2B9H11;hLa(THF)2} (7). The synthetic procedures are 
similar to compound 4 by using [Me3NH][C2B9H12] (200 mg，1.04 mmo l ) i n T H F (10 
m L ) and LaCl3 (255 mg, 1.04 mmo l ) in T H F (10 mL) . 160 m g o f compound 7 was 
isolated as a whi te sol id (33%). Complexometr ic anal. Calcd for C20H54Bi8LaNaO4: 
La, 19.42. Found: 19.20. ^ N M R (pyridine-J5): 5 3.62 (m, 16H), 2.42 (br s, 4H)， 
1.58 (m, 16H); i3c {^H} N M R (pyridine-J5): 5 67.8, 25.8，carboranyl C - H was unable 
to be observed; " B ( ¾ N M R (pyridim-ds)： 5 -7.9 (2)，-13.7 (2), -14.7 (1)，-19.2 (2), 
-30.1 (1), -34.6 (1); i i B ( ¾ N M R (THF) : 5 -8.8 (2)，-14.7 (2), -15.5 (1), -20.2 (2)，_ 
31.1 (1)，-35.8 (1); I R (KBr , cm"^): vgH 2532 (vs)，2450 (vs), v ™ 1048 (s), 840 (s). 
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Preparat ion of (C2B9Hu)YCl2Na(THr)2 (8). The synthetic procedures are similar to 
compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 mmol) in THF (10 mL) and 
YCl3 (203 mg, 1.04 mmol) in THF (10 mL). 160 mg of compound 8 was isolated as a 
white solid (330/0). Anal. Calcd. for C10H27B9Cl2NaO2Y: C，26.14; H，5.92; C1, 15.44; 
Y , 19.35. Found: C, 26.89; H, 6.10; C1, 16.36; Y，19.1. ^H N M R &yridine-Js): S 3.63 
(m, 8H), 2.42 (br s, 2H), 1.59 (m, 8H); % ( ¾ N M R (pyridim-ds)： 5 67.8，25.8, 
carboranyl C - H was unable to be observed; " B { ! H } N M R Q)yridine-J5): § ] 7 . 3 (2), 
-23.0 (2), -24.0 (1), -28.5 (2), -39.4 (1), -43.9 (1)； ^ B ( ¾ N M R (THF): 5 -8.8 (2)，_ 
14.8 (2), -15.5 (1), -20.2 (2)，-31.2 (1)，-35.8 (1); IR (KBr , cm ] ) : ven 2526 (vs), viHF 
1013 (s). 
I 
Preparat ion of (C2B9Hn)SmCl2Na(THF)4 (9). The synthetic procedures are similar 
to compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 mmol) in THF (10 mL) | 
i 
and SmCl3 (290 mg, 1.04 mmol) in THF (10 mL). 310 mg o f compound 9 was | 
I 
isolated as a yel low solid (45%). Anal. Calcd for Ci8H43B9Cl2NaO4Sm: C, 32.51; H， 
6.52; Sm, 22.61. Found: C，31.99; H，6.31 ; Sm, 23.02. ^ N M R (pyndinc-ds)： 5 3.63 
(m, 16H), 2.42 (br s, 2H), 1.59 (m, 16H); " C ( ¾ N M R (pyridim-ds)： 5 67.8, 25.8, 
carboranyl C - H was unable to be observed; " B { ' U } N M R (pyridine-J5): S -17.5 (2), 
-23.3 (2), -24.2 (1), -28.7 (2), -39.6 (1), -44.1 (1); IR (KBr , cm"^): vsH 2529 (vs), vyHF 
1039 (s), 859 (s). 
Preparat ion of (C2B9Hn)ErCl2Na(THF)4 (10). The synthetic procedures are similar 
to compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 mmol) in THF (10 mL) 
and ErCl3 (284 mg, 1.04 mmol) in THF (10 mL). 370 mg o f compound 10 was 
isolated as a pink solid (66%). Anal. Calcd for Ci8H43B9Cl2ErNaO4: Er，24.53 Found: 
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25.2 calcd. C, 26.14, H , 5.92, Found: C, 26.89, H , 6.10, according to 3 T H F 
molecules attached, ^ H N M R Q)yr id ine-^y: 5 3.63 (m, 16H), 2.58 (br s，2H), 1.58 (m， 
16H); i3c { ^H} N M R (pyridine-Js)： 5 67.8, 25.8, carboranyl C - H was unable to be 
observed; ^ B { ^H} N M R (pyridine-^/s)： 5 -18 (2), -24 (3) (unable to resolve), -30 (2), 
-40 (1)，-45 (1), -100, -120, -140, -155, -180, -185, -219, -246, -295; ^ B { ) H } N M R 
(pyridine-J5/H2O): 5 -17.7 (2)，-23.5 (2), -24.4 (1), -28.9 (2), -39.8 (1), -44.4 (1); IR 
(KBr , cm_i): ven 2520 (vs), viHF 1043 (s), 859 (s). 
P r e p a r a t i o n of (C2B9Hn)YbCl2Na(THF)2 (11) . The synthetic procedures are 
similar to compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 m m o l ) in T H F (10 
m L ) and YbCl3 (290 mg, 1.04 mmo l ) i n T H F (10 mL) . 330 mg o f compound 11 was I 
i 
isolated as a dark red sol id (58%). Anal . Calcd for C10H27B9Cl2NaO2Yb: C, 22.10; H ， 
5.01; C1, 13.04; Yb , 31.84. Found: C, 21.48; H , 5.65; C1, 13.15; Yb , 32.6. ^H N M R 
(pyridine-J5): 5 3 .54 (m, 8H) , 2 .58 (br s, 2H) , 1.49 (m, 8H) ； ^ ¾ ( ¾ N M R 
(^yridine-J5): 5 67.8, 25.8, carboranyl C - H was unable to be observed; ^ B ( ¾ } 
N M R (pyridine-J5): 6 -17 .1 (2)，-22.9 (2)，-23.9 (1), -28 .4 (2)，-39.3 (1)，-43.8 (1); ^ ¾ 
( ¾ N M R (THF) : 5 -11 (2), -16 (2), -17 (1), -22 (2), -33 (1)，-37 (1)，-67.9’ -70 .5 , -
87.4, -94.4，-101.1, -103.9, -120.3, -138.6; ^^B ( ¾ N M R (THF/H2O): 5 -11.2 ( 2 ) , -
17.1 (2), -18 .1 (1), -22 .5 (2), -33 .5 (1), -38 .1 (1); I R (KBr , cm"^): vsH 2 5 2 0 (vs), viHF 
1030 (s), 858 (s). 
P r e p a r a t i o n o f (C2B9Hn)LuCl2Na(THF)4 (12). The synthetic procedures are similar 
to compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 mmo l ) i n T H F (10 m L ) 
and LuCl3 (292 mg, 1.04 mmol ) in T H F (10 mL) . 292 m g o f compound 12 was 
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isolated as a white solid (45%). Complexometric anal. Calcd for 
Ci8H43B9Cl2LuNaO4: Lu, 24.63 Found: 25.1; C, 27.23, H，5.71, Found: C, 27.49, H, 
5.56, according to 3 THF molecules attached, ^H N M R (pyridine-J5): S 3.63 (m, 
16H), 2.40 (br s, 2H), 1.59 (m, 16H) (4THF); ^¾ ( ¾ N M R fe^ridine-^): 6 67.8, 
25.8, carboranyl C -H was unable to be observed; ^ B ( ¾ N M R Opyridine-d5): 5 -
12.0 (2), -17.8 (2), -18.8 (1), -23.3 (2), -34.2 (1)，-38.7 (1); IR (KBr , cm_i): VBH 2522 
( v s ) , V T H F 1 0 3 9 ( s ) , 8 6 4 ( s ) . 
Preparat ion of {(THF)5YCl2HC2B9H12} (13). To a suspension o f N a H (37 mg, 1.54 
mmol) in 15 m L o f THF was added the THF solution (8 mL) o f [Me3NH][C2B9H12] 
i 
(100 mg, 0.52 mmol) and the mixture was refluxed overnight. The generated Me3N | 
was then removed along w i th approximately hal f o f the solvent under vacuum. The ' 
suspension was allowed to settle. The resulting solution was then added dropwise at 
room temperature through a cannular to a stirred suspension o f YCl3 (101.5mg, 0.52 
mmol) in 8 m L o f THF. The reaction mixture was stirred at room temperature for 2 
days, then allowed to settle. The white precipitates were fi ltered off. Af ter removal o f 
three quarters o f the solvent and vapor diffusion o f toluene, a colorless 
microcrystalline solid was formed. After several f i l tration and recrystallization,. 
Yielding compound 13 as a colorless crystal Complexometric anal. Calcd for 
C22H52B9Cl2O5Y: Y , 13.60. Found: 14.20. Anal. Calcd for Ci8H44B9Cl2O4Y 
({(THF)4YCl2KC2B9H12}): C, 37.17, H, 7.45. Found: 37.76, 7.57. ^H N M R Opyridine-
Js):5 3.63 (m, 20H), 2.45 (bs, 2H), 1.59 (m, 20H); ^¾ ( ¾ N M R (pyridine-J5): 5 
67.8, 25.8, carboranyl C -H was unable to be observed; " B {^H} N M R Q)yridine-
ds): 5 -17.2 (2)，-23.0 (2), -24.0 (1)，-28.5 (2), -39.3 (1)，-43.8 (1); IR (KBr, cm"^): ven 
2524 (vs), VTHF 1030(s), 860(s). 
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P r e p a r a t i o n o f { (THF)5YbCl2 ) {C2B9Hi2 } (14). The synthetic procedures are simi lar 
to compound 13 by using [Me3NH][C2B9H12] (200 mg, 1.04 m m o l ) i n T H F (10 m L ) 
and YbCl3 (145 mg, 0.52 mmo l ) i n T H F (10 mL) . Y ie ld ing compound 14 as a 
colorless crystal. X - ray qual i ty crystals were g rown f rom THF/toluene solution. Anal . 
Calcd for C22H52B9Cl2O5Yb: Yb , 23.45; C, 35.81; H , 6.97. Found: Y b , 22.92; C, 
36.27; H，7.49. ^H N M R (pyridine-J5): 3.63 (bs, 20H), 2.53 (bs, 2H)，1.59 (bs, 20H); 
i3c ( ¾ N M R (pyridine-J5): 5 67.9, 25.9，carboranyl C - H was unable to be 
observed; " B { ^ } N M R (pyridine-减):5 -17.2 (2), -23.0 (2), -23.8 (1), -28.4 ( 2 ) , -
39.3 (1), -43.9 (1); "B ( ¾ NMR Q)yridine-i5/H2O): 5 -17.2 (2)，-23.0 (2)，-23.8 (1), 
-28.4 (2), -39.3 (1), -43.9 (1); I R (KBr , cm_i) veH 2524(vs), viHF 1042(s), 860(s). 
P r e p a r a t i o n o f { ( T H F ^ E r C h l f C i B g H i 〗 } (15). The synthetic procedures are similar 
to compound 4 by using [Me3NH][C2B9H12] (200 mg, 1.04 m m o l ) i n T H F (10 m L ) 
and ErCl3 (142 mg, 0.52 mmo l ) i n T H F (10 m L ) . Y ie ld ing compound 15 as a p ink 
crystall ine. Anal . Calcd for C22H52B9Cl2O5Er: Er, 22.85. Found: 22.97. ^H N M R 
Q)yridine-J5): 5 3.62 (m，20H), 1.59 (m, 20H), carboranyl C-H was unable to be 
observed; ^^C {^H} N M R Opyridine-"5): 5 67.9, 25.8, carboranyl C - H was unable to 
be observed; " B ( ¾ N M R (pyridine-"5): 5 -17.0 (2)，-22.7 (2)，-23.7 (1), -28.3 ( 2 ) , -
39.2 (1), -43.7 (1); IR (KBr , cm_i): veH 2523 (vs), viKF 1092(s), 860(s). 
P repa ra t i on o f l,2-(C6H5CH2)2-l,2-C2B10H10 (16). To a solut ion o f 0-C2B10H12 (500 
mg, 3.47 mmo l ) in a dry toluene/Et2O (2:1) mixture (15 m L ) at 0。C was added a 1.60 
M solut ion o f n - B u L i i n hexane (6.0 m L , 9.60 mmo l ) dropwise w i t h stirring. The 
mixture was al lowed to warm up to room temperature and stirred for 30 min. The 
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solut ion was then cooled to 0。C and freshly dist i l led C6H5CH2Br (1.78 g，10.40 
m m o l ) i n toluene (3 m L ) was added rapidly. The reaction mix ture was ref luxed 
overnight and then quenched w i t h 10 m L o f water. The organic layer was seperated 
and the aqueous layer was extracted w i t h Et2O (3 x 15 mL) . The combined organic 
port ions were dried over anhydrous MgSO4. Removal o f the solvents and addit ion o f 
hexane gave pure whi te l,2-(C6H5CH2)2-l,2,-C2B10H10 (809.8 mg, 72 %): mp 147-
148. i H N M R (acetone-J6): 7.38 (m, lOH), 3.89 (s, 4H)，1.59 (m, 20H) ; % N M R 
(acetone-成)：5 137.0, 132.0, 12937，129.1, 81.9, 41.8, " B { ' U } N M R (acetone-4): 
5 -4.4 (2), -8.9 (2), -10.2 (6); I R ( K B r , cm_i): VBH 2615 (vs), 2569 (vs), Vbenzyi 3028 丨 
(w) , 1500 (m), 1454(m) . 
Preparation of [Me3NH][7,8-(C6HsCH2)2-w/^^-7,8-C2B9Hio] (17). To a mixture of 
l,2-(C6H5CH2)2-l,2,-C2B10H10 (500 mg, 1.54 mmo l ) and K O H (285 mg, 5.09 mmo l ) 
was added dist i l led CH3OH (15 m L ) w i t h st irr ing at 0。C. The reaction mixture was 
al lowed to w a r m up to room temperature w i t h i n 30 m i n and then ref luxed ovemight. 
A f te r removal o f t h e solvent, water (10 m L ) was added. The aquous aolut ion was 
neutralized w i t h di luted HC1. Add i t i on o f aqueous Me3NHCl solut ion gave whi te 
precipitates. The product was f i l fered of f , wash w i t h water (3 x 5 m L ) and dried in 
vaccum to give [Me3NH][7,8-(C6H5CH2)2-^/^o-7,8-C2B9H10] as whi te sol id (552 mg, 
96%). ^H N M R (acetone-4)： 5 7.21 (m, lOH), 3.66 (dd, 4H)，3.09 (s, 9H), / / -H peak 
may be overlapped w i t h those o f acetone; ^ ¾ N M R (acetone-"6): S 143.4，130.2, 
128.1, 72.4, 46.1, 42.3, ^ B ( ¾ N M R (acetone-拟：5 -9.2 (2), -10.3 (1), -17.0 ( 2 ) , -
18.0 (2)，-33.3 (1), -36.1 (1); IR (KBr , cm_i): vsH2513 (brvs) . 
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P r e p a r a t i o n of [ { (C6H5CH2)2QB9H9 lSm(DME)2 ]2 .DME (18). To a suspension o f 
N a H (100 mg, 4.16 mmo l ) i n 25 m L o f T H F was added the T H F solut ion (5 m L ) o f 
[Me3NH][(C6H5CH2)2C2B9H10] (187 mg，0.50 mmo l ) and the mix ture was ref luxed 
overnight. The generated Me3N was then removed along w i t h approximately ha l f o f 
the solvent under vacuum. The suspension was al lowed to settle. The result ing clear 
solution, Na2[(C6H5CH2)2C2B9H9], was then added dropwise to a st irr ing T H F 
solut ion o f SmI2 (9.0 m L o f 0.054 M , 0.49 mmo l ) at room temperature and the 
reaction mix ture was stirred overnight. The color o f the solut ion was changed f rom 
deep green to dark red dur ing the course o f reaction. Af ter removal o f t h e precipitate 
and most o f T H F , 20 m L o f 1,2-dimethoxyethane ( D M E ) was added to give a dark red 
solution. S low evaporation o f t h e solvent y ie lded dark red crystals (236 mg, 70 %)• 
Some o f them were suitable for X - ray analyses. Complexometr ic anal. Calcd for 
C52H96Bi8O4Sm2: Sm, 21.84. Found: 22.04. ^H N M R Opyridine-J5): 5 7.39-7.18 (m, 
20H), 3.45 (m, 8H), 3.27 (m, 20H), 3.05 (m, 30H); % { ! H } N M R ^)yridine_ 
ds): 5 143.6, 130.6, 128.3, 125.9, 72.5, 59.0, 42.8, carboranyl C - H was unable to be 
observed; ^ B { ^ N M R a)yridine-J5): 5 -4.4 (2), -5.8 (1), -12.5 (2), -13.8 (2), -29.0 
(1)，-31.6 (1); I R (KBr , cm"^): ven 2517 (br vs), voME 1062 (s), 855 (m). 
X-ray Structure Determination. A l l single crystals were sealed under N2 and 
immersed i n Paraton-N o i l i n a th in-waled glass capil lary. Data were collected at 294 
K on a MSC/R igaku R A X I S - I I C imaging plate using M o K a radiat ion f r om a Rigaku 
rotating-anode X- ray generator operating at 50 eV and 90 m A . A n absorption 
correction was applied by correlation o f symmetry -equivalent reflections using the 
A B S C O R program.^ Both structures were solved by direct methods and subsequent 
Fourier difference techniques and ref ined anisotropically for al l non -hydrogen atoms 
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by fu l l -mat r ix least squares, on F using the Siemens S H E L X T L PLUS program 
package (PC version).^^ Mos t o f the carborane hydrogen atoms, inc lud ing four 
independent B - H atoms i n 18, were located f r om difference Fourier syntheses. A l l 
other hydrogen atoms were geometr ical ly f i xed using the r id ing model . The sodium 
atom in 4 is disordered over two sets o f posit ions w i t h 0.33:0.67 occupancies. Crystal 
data and details o f data col lect ion and structure refinement are given i n Table 11.10. 
The atom coordinations for complexes 4, 14, 16, 18 are l isted i n Tables 11.11，11.1¾ 
11.13 and I I . 14, respectively. 
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Table 11.10. Crystal Data and Summary ofData Collection and Refinement for 4， 
14，16 and 18. 
Compound 4 14 1^ 12  
formula C20H54Bi8LaNaO4 C22H52B9Cl2O5Yb Ci6H24B10 ? ? ? ' ' n ^ ' ? ' ^ n 
crystal size (mm) 0 20 x0.30 x 0.30 0.38 x 0.48 x 0.80 0.10 x 0.18 x 0.25 0.20x0.20 x 0.40 
fw 715.1 737.9 324.5 13^6.6 
crystal class monoclinic monoclinic orthorhombic oithorhombic 
snace 2r0up Cc F2Jn Pna2^ Pbcn 
r r 18.876W 8.547(2) 12.022(2) 16.3KD 
“ 9 . 5 0 W 17.386(3) 2L467(4) 18.513(1) 
^ A 20.865(1) 23.674(5) 7.636(2) 22.174<1) 
B dea 90.05(1) 99.19(3) 
9玄尸 3740(2) 3473(2) 197KD 6712印 i 4 4 4 4 
/ 3 126。 1 411 1 094 1.360 
R l 2 t l ^ n m A Mo L(0 .71073) Mo Ka(0.71073) MoKa(0.71073) MoKa(0.71073) 
diffractometer RigakuRAXISIIC RigakuRAXISIIC RigakuRAXISIIC Rigaku RAXIS 
上丄、： 
datacollected + h + k + l + h + k + l +h,±k，±l +h,±k,±\ 
2^range, deg 3.0 to 55.0 4.0 to 50.0 3.0 t= 55.0 3.0 to 55.0 
u mm-i 1.179 2.875 0.054 1.782 
F(000) 1440 1492 680 2800 
7^K 294 294 294 294 
No. ofindepreflns 6865 7946 3630 =?1,丨^：«丨、‘丨17丨、 
No. ofobsd reflns 5986 (|F|>6a|F|) 5986 (lF|>6G|F|) 1710(lFl>8a|F|) 45H (|F|>6cj|F|) 
No.ofparamsrefhd 424 353 265 二8 
Data-to-params ratio 14.1:1 11.0:1 6.5:1 丄二」 
Goodnessoffit 1.59 1.55 2.54 ^54 
0 0 044 0.047 0.067 0.074 
/ 0 059 0.062 0.053 0.082 
z l L m J i n , e / A 3 0:94,-0.69 0.79,-0.55 0.29,-0.26 ^ ! 2 ^ — — 
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Table 11.11. Atom coordinations ( x 10' for La, x 10' for others) for compound 4. 
X y z   
T i m 49924(8) 9326(3) LH^_ 
^ 4060(2) -1361(3) 卿 ） 
^ 3598(2" -6(3) 1 2 ^ 
^ 4476(2) -1554(3) - 聊 ） 
1 ¾ 3728(3) -2639(3) 擺 ⑵ 
^ 3 U 4 ^ _ -1576(3) 150(2) 
i ^ 3641(2) 81K3L -524(2) 
^ 4186(2) d M 3 } -1007(2) 
^ f m W -1868(3) -1085(2) 
1 ^ 2966(3) -1839(3) -^^6(2) 
S 2875(¾" -132(3) "338(2) 
i ^ 3261(2)" -301(3) - 1 卿 ） 
^ 5634(2)— 2 9 9 W ^ Z ^ 
^ 6074(2) 1658(37 8 ^ 
^ 4816(2) 2790(3) 1954^1 
1 ^ 543^3T 3749(3) 卿 ） 
1 ¾ 6259(3) . 3022(3) 麗 ⑵ 
S 5610(2) 380(3T • ⑵ 
^ 4767(2) 1 0 ^ 1353(2) 
S 4886(2) 2463(3) 1900(2) 
- ¾ 5796(3)— 2588(3) 2108(2) 
B r 6 2 3 6 ( ^ 1252(3) 卿 ） S 5390(^  91ffiL 1985(2) 
^ 5269(2)— 2979(3) _738(2) 
^ 4784(2) 3846(3) - _ ( 3 ) 
^ 5153(2) 4920Or '1397(3) 
^ 5891(2) 4713(3) -1250(3) 
^ 5951(2) 3420(3) - 卿 ） 
端 6122(2)- l i e i - 卿 ） 
^ 6 卿 ） -224(3) -1218(2) 
^ 6810(2) -690(3)' -1396(2) 
^ 7115(2) -1243(3) l M _ 
^ 6709(2) -705(3) -299(2) 
^ 6 0 7 5 ( ^ -896(3) 2406(3) 
" 3 ¾ 3 9 0 8 ( i 5 雨 2588(2) 
^ ~ : g l ^ -2898(3) 2046(3) 
^ 7873(2) - 3 4 3 9 ^ 2 卿 ) 
^ 7873(2) -3439(3) 2 糊 
- C m ^ 6669(3) -2898(3) 2046(3) 
- ^ 7046(3) -2740(3)" 卿 ） 
^ 7764(3) -3116(3) 1560(3) 
- ^ 7238(3) - 3 0 8 W 2530(3) 
- ^ : " j 7 9 ^ _1762(3丁 2409(2) 
- ^ 4235(2) -2656(3) 2042(2) 
- ^ 3806(3) -3846(3) 蘭 ⑵ 
- ^ 3318(2) -4004(3) 2406(2) 
C08) ？之之二⑵丨 - 2 6 2 3 m l 2631(2)1 
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Table 11.12. Atom coordinations ( x 10' for Yb, x 10' for others) for compound 
14. 
X y z  
1 ^ 5122(4) 22848(2) 1 卿 ） 
W - i 0 3 f f l 2525(3) _ ( 2 ) 
^ 7 4 ^ _ 2965W 1494(3) 
^ ^ 3057陶 1991(3) 
^ r m w T 2586(4) 1889(3) 
^ -1396(4) 2246(4) 1331(3) 
^ -1337(3) 3296(3) ？ ^ 
^ -3026(4) 3277(4) ^ ¾ ^ ! 
^ -3678ff i 4017(3) l M ^ . 
^ -2357(4T 4542(3) ？ ^ 
^ -1035 4) 4076(3) ？ ^ 
^ -180(47 2 6 l W : i i m . 
^ 273(4) 3293ffi ]091(3) 
^ -213(4) 3172(47 “ 聊 ） 
^ : u m r 2608(4) -1767(3) 
^ -1213(4) 2196(-iT -1249(3) 
^ 2080(4)" 1541(3) "365(2) 
^ i9oo(4T Z Z f f i l - 別 ⑶ 
^ 1 3305(4- 5 0 W : Z ^ 
^ 407形） 11尊） -865(3) 
^ 3 4 ^ 1772W ^ » 
S 2195(4) 1 5 1 2 ( ^ M _ 
^ 1795 4)" 79m_ 體 ⑶ 
^ 3237 4)" i m _ 1391(3) 
^ 4298(4) 聊 ） 1470(3) 
- ^ 3819(4) 1646(4) _ ( 4 ) 
- ^ ^^ I624G^ 1266(lT 21(1) 
^ 2656(2)" 3289(1) 2 8 7 ^ 1 
^ 6263(4) 4269(3) 2492(3) 
^ 7321(4) 4883(3) 2288(3) 
^ 6689(4) 5189(3) 1613(3) 
1 ^ 5046(4) 4600(3) 1477(3) 
^ 4664(4) 4017(3) 2015(3) 
^ 6109(4 5174(3) 2759(3) 
i ^ 6352(4) 5756(3) 2191(3) 
^ ¾ 4802(4" 5559(3) 卿 ） 
^ 3577(4) 4864(3) 職 ⑶ 
S 4424(4) 4629(3) 2573(3) 
^ ~ 4445(4; 5587(3) 2347(3Yl 
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Table 11.13. Atom coordinations ( x 10^) for compound 16. 
X y 5  
^ 2302(2) 5168(2) 
^ 2072(2) 4394("^ 641(3) 
^ 1899(3) 5509(2) 2348(3) 
^ 1800(3) 6210(2) 2179(3) 
^ " 2 6 m F 6599(2^" 2842(3) 
^ ~ ~ 2 4 ^ 7235(2^ 2738(3) 
^ 1604(3) 7487(2) 1958(3) 
^ ~ 7 7 ^ 7116(2) 1297(3) 
^ 884(3) 6467(2) 1 卿 ） 
- ^ 1470(3) 4 1 1 1 ( ^ 2237(3) 
- ^ 1215(2) 3423(2) 2116(3) 
^ 232 3) 3217(2) 1366(3) 
^ -6(3) 2570(2)" 1318(3) 
^ 734(3) 2 剛 2043(3) 
- ^ 1683(3) 2357(2) 2113(3) 
- ^ 1941(3) 2982(2) 2829(3) 
- ^ 1310(3) 4881(2) -672(3) 
1 ^ 2228(3) 5479(2) -1356(3) 
^ 3506(3) 5352(2) -344(3) 
^ 3416(3) 4658(2) 962(3) 
^ 1820(3) 4155(¾" -1444(3) 
m ) 1943(3) 4839(2) -2757(3) 
^ 3313(3) 5128(2) -2553(3) 
- ^ 4039(3) 4632(2) - 應 ( 3 ) 
" B ^ 3134(3) 4035(2) -448(3) 
1 ^ 3071(3) 4325(2) -261¾^^ 
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Table 11.14. Atom coordinations ( x 10^ for Sm, x 10^ for others) for compound 
18. 
X y z  
" s ^ 44102(3) 一 7 4 2 W " 43054(2) 
C(1) 2284(4) -131(4) 5837(3) 
C(2) 2302(4) -353(4) 5158(3) 
B(4) 3183(5) 105(5~ 6068(4) 
B(5) 2 1 9 m -751(5) 6286(4) 
B(6) 2 1 7 7 ( ^ -1047(5) 5670(4) 
B(7) 3 2 T T ^ -279(4) 4899(4) 
B(8) 3856(4) -5(5) 5456(4) 
B(9) 3785(5) - 6 7 3 ^ 6028(4) 
B(10) 3167(5) -1391(5) 5773(4) 
B(11) 2 8 1 3 ( ^ -1159(4) 5043ffi 
B(12) 3827(5) -93894) 5265(4) 
C(3) 1549(4) -221(4) 4755(4) 
C(5) 6 9 ^ 708(3) 斗二；？⑵ 
C(6) ~ 5 ^ 142^" 4118 
C(7) 999 1984 4321 
~ ^ ) 1693 1832" 4663 
C(9) — 1891 1118 4803 
" C ^ — 1393 一 556 46W 
C(10) 1475(4) 2 0 1 ( ^ 6068(4) 
C(12) 1186(3)" -12(3) 7141(3) 
C(13) 1135 236 7734 
" C ^ ) 1341 949" 7870 
" " C ^ ) — 1598 1414 — 7412 
C(16) 一 1649 116T 6819 
C(11) — 1443 453 6684 
C(17) 5040(7) 2164(6) 3258(4) 
0(1) 4 6 3 ^ 2052(3) 3809(3) 
C(18) 4 7 7 W 2617(5) 4208(5) 
C(19) 4 1 S W 2623(3) 4692(5) 
0(2) 一 4041(4) 1 9 1 8 ( ^ 4940(3) 
C(20) 3 7 0 5 ^ 1966(5) 5515(4) 
C(21) 4 6 8 l W -961(5) 3490(5) 
0(3) 一 4 3 ¾ ^ -269(4) 3424(3) 
" C ^ ) 3828(7)" -194(6) 一 3027(5) 
C(23) 3 4 0 W " 4 1 1 ( ^ 2905(5) 
• ⑷ 3399(5) 927ff l 3383(3) 
C(24) 2837(6) 1 4 8 9 ^ 3314(5) 
C(25) 1543(7) 2 6 6 ^ 2133(6) 
0(5) 665(6) 2637(5) 2117(5) 
" C ^ ) 463(7^ 2087(6) 2455("^ 
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Currant Qata ParaMtara 
I NAHE aprl7 
EXPNO 11 
pn0C>(0 1 
F2 - Acqul8ltlon ParaMters 
i Data_ 970417 
io f> ru 01 0 0 in — oj — n cn ® Tlaa 11.57 
m W W “ ； n W 0 oi “ ui 0 oi' 2 INSTRUM arx500 g 7 r V ^ 7 ~ ^ ^ ^ T ⑴ 7 ^ PflOanO 5 m B8I HJ 1 j PULPHOG zgdC V TO 32768 
1 I I SOLVENT C0C13 
H H w u N5 200 
^ > V OS 0 
^ ^ 5MH 50000.000 Hz *"N^ FlDflES 1.325879 Hz N^u AQ 0.3277300 S8C V J «5 715 
^ DW 10.000 ussc DE 12.50 uaec 
V TE 300.0 K 
\ D i a 0 . 0 0 0 0 2 0 0 0 s e c \ 0L5 ia.50 dB 
\ I CPOPflG waltzl6 
\ A P31 74.00 usec 
\ 01 1.00000000 aac 
\ ^ P1 10.00 U98C 
\ ^ l 0£ 12.50 usac ^ A SF01 160.4610890 mz 
J\ MucLEus na 
^ V A 011 0.00003000 98C 
^L^ I F2 - Prac8salna paraaatars N^w 丨 SI 32768 ^S%^ SF 160.4619370 )½ \ WDW EM 
V 5SB 0 
^ s ^ l\ A s °-r 
^^^^**"^^^<y<M^L J \ ^ i.°° 
^ ^ ^ ^ * ^ ^ ^ ^ - ^、丨丨__ % _ p.t pa . . t . , 
CX 20.00 ca 
fiP -10.000 ppa 
F1 -1604.52 HZ 
f2P ^0.000 ppa • , • 1 , , I I I I F? 2^3.10 Hz j,' '_；0 -W 'PPHCH 2.00000 pp./c. 
ppn - 1 5 -20 -25 _30 _35 40 « ^ ^ 330.92389 Hz/c. 




F2 - Acquisition Parameters 
<0 0 , 、卜 ^ ^  - - T ° - o - - — c^  cn . cn 0二_ 370417 
I 二 二 2 ^ S !：； SJ Si ^ 早 S 7 7 T “ 7 f T “ INSTRUM arxSOO 
V' , 1 I 1 i PflQ8H0 5 na BBI Z-G 
V \ / P^JLPROG zq 
I ‘ ’ TD 32758 
HS<uk^  SOLVENT CDC13 
""^ HfHi^ ^ Ns 200 
^V» h 。s ° 
^ V n SMH 50000.000 Hz 
%<J11 FIDRES 1.525879 H2 、\ AQ 0.3277300 sec 
V R6 715 
OW 10.000 usac 
\ OE 14.29 uaec 
X TE 300.0 K 
\ D1 0.50000000 sec 
^^ . P1 10.00 usec 
X A / OE 14.29 uaec 
*>|^ /\丨 SF01 160.4610890 MHz 
y 1 nucLEUs ua 
\J\ F2 - Procas3ing paramatars 
V * SI 32768 
%^ \ K SF 160.4619370 MHz 
W f [ 二 ^ 1 LB 0.30 HZ 
% ^ G8 0 
"^ *H**n^ |^  PC 1.00 
^^*^***^*»>*»>^^\>>>4>^^>>^^\一、.L 10 NMfi plot paranetera 
厂 … “ * 興 iH||'^ wrw<Bcx 2 0 . 0 0 cn 
FlP -10.000 ppn 
F1 -1604.52 HZ 
F2P -50.000 ppn 
丨卿……',i,,,,‘,11'4o … … - k - … … , r ' - “ ‘丄‘……,-^a"" h 3 : E : H5k" 
iiB NMR spectra of [C2B9H12l" 
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Currant Data Parautars 
NA)€ ]unal8 
^ EXPNO 4 
i PROCNO • 1 
F2 - Acqulaitlan Paraoatsra 
Oat8_ 970618 
If) 03 -r a ^ Tlu 10.26 
® ^ \n d c\j r^  INSTRUM ar*500 S T r 〒 ？ “ PR06H0 3 M B8I zH3 




SMH 50000.000 Hz FIDPeS 1.525879 Hz 
AQ 0.3277300 3BC 
j RG 1024 
^ OW 10.000 uaac 
Tlu oe i2.so u88c 
T^ TE 300.0 K 
Y 012 0.00002000 sac V 0L5 18.50 dB V CPOPfl6 VMltZl6 
\ P31 74.00 uaac 
V 01 1 . 0 0 0 0 0 0 0 0 38C 
1 A y V P1 3.00 uaec I \ \ Oe 12.50 uaac 
:•j ^ \ sFoi i60.4Sioago • w 
i ^ lJ\ f*JOaJ3 11B 
*jyi^  y\ Oii 0.00003000 S8C 
！ ^ m \ A F2 - Pracassing parautara \ SI 32768 
\ 丨丨 SF 160.4609028 HHz 
\^\ rt - ^ 
'**Mr \ / LB 0.30 Hz 
^^*^^^*^^^*M*»»^__—_»>WrfV*»^ VNMNW^W4i^ " i.°° 
‘ 10 _ plot parsoatars I CX 20.00 ca i FlP -5.000 ppa I F1 "602.30 Hz i FaP -45.000 pum 
•i I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I 1 I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I ' ‘ ‘ I 圓 I ‘ ' f2 -7220-74 Hz ppn - 0 - 5 -20 -25 -30 -35 -40 PPHCH 2.00000 pj«/M ^^  HZCH 3a0.92iai Hz/cm 
1 
<i 
f Current Oata Paransters 
'； NAME juneia 
; EXPNO 3 
PROCNO 1 
F2 - Acquisition Paranetsra 
卜. oj OT 了 <n ai ^ p^ in Oata_ 970618 
5 二 "T "<r in ai o — to" p>." Tiaa 10.25 
s r 7 r r r ? ？ ？ “ iNsrnjH arxsoo 
丨 } 丨 I PR08H0 5 na 881 z-S 
/ / PULPROG zg 




SWH 50000.000 HZ 
FIDRES 1.525879 Hz 
AQ 0.3277300 sec 
V RG 1024 
^ OW 10.000 usac 
X OE 14.29 usec 
\ TE 300.0 K 
V 1 01 0.50000000 sac 
\ [ P1 5.00 usec 
TV 1 I oe 14.29 uaec 
i \ AI W SF01 160.4610890 MHz 
•\^ V NUCLEUS 11B 
^^ y^  F2 - Proc833ing pararatar3 
^ ) ^ J SI 32768 
V m SF 160.4609028 MHz 
i ‘ 入 NOW EH 
\ ^ Ajn La 0.30 Hz 
T ^ y f 了 \ sa 0 
V y ^ A A ^ 1.00 
^^*"^^*^^^^>*^*^y>W^_,,^^iW V W f W W * W ^ ; _ 一 P - - t e . � 
\ FlP -5.000 ppn 
F1 -a02.30 Hz 
F2P -45.000 ppa 
F2 -7220.74 H2 
I • _ I ‘ • • ‘ • ‘ I _ ‘ ‘ ' I ‘ ' ‘ ‘ I ‘ ‘ ''• ' ' ' I I I I I I I I I ' I I I I I I I I I ' I I I I I I I I • I I I I I I I I I ‘ I I ‘ I I ‘ ‘ ‘ ‘ ' ' ' I pPMCX 2.00000 ppn/ca 
ppa -10 -15 -20 -25 -30 -35 -40 HZCM 320.92181 H2/ca 
iiB NMR spectra of Na2[C2B9Hu] 
I 
i 
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Currant Oata PsraMtara 
I — 00 NA>€ )unl9 
‘ w « — ^-. on 二 r>.. ^ .卜. ^ ~ ^ EXPNO 12 
g. 7 i V 宁 7 ？ T 2 T r “ 7 7 PR0CN0 1 
I 1 I F2 - Acquisition Parsmetars 
\ OatB_ 960619 
‘ I I TlM 14.07 IN3TRUM 8PX500 
1 PROeHO 10m MULTI 





SNH 50000.000 Hz 
FIDPES 1.525879 Hz 
AQ 0.3277300 aac 
RG 180 
DW 10.000 U38C 
Oe 12.50 U38C 
TE 300.0 K & 012 0.00002000 98C 
Wtt |^ 0L5 18.50 dB 
^**N^ CPOPRfi WBltzl6 
^%j P31 80.00 U80C ^Nki 01 1.00000000 aec 
ilHk , P1 8.00 usec 
^%, I \ OE 12.50 usac Tpm 1 I SF01 1B0.4610B90 袖 1 1 NUCLEUS 11B 
1 ^ 1 011 0.00003000 aac 
'^ ||b 1 F2 - Procas8lng pararatsrs 
^fl%L,, I 1 A 31 32768 
^V||l^ Ul SF 160.4619370 mz 
W w i ^ M f W * w J U i i * ^ ^ u w i i M i W W j r = 1.°° 
10 ^*« plot paPBMtara 
CX 20.00 oa 
FlP 0.000 ppa 
F1 0.00 Hz F2P -40.000 ppa 
, _ , _ _ , _ I ~ ~ , ~ I ~ ~ , ~ F 2 ^418.48 HZ ( • • • • I • ‘ • • I ‘ • ‘ ‘ I ‘ ‘ ‘ ‘ ' ‘ ‘ . ‘ ‘ . • • . ‘ • . . , .35 PPHCM 2.0OOOO ppa/ca 
ppn - 5 - 1 0 - 1 5 - 2 0 - 2 5 - 3 0 35 拟⑶ 320.92389 HZ/C. 




F2 - Acquisition Parametara 
Oata_ 960619 
„ oj UJ cn CD i n ， r- ^ ~ ® ~ 二 ^ ^ Tlm8 14.03 
B d ~ ri « io ^  〒• o 2J 2 2 2 S 2 2 INSTHUM arx500 
S ‘ • • ‘ ！ j ] PTO8H0 iOm HULTI ) \ \ j / PU.PROG zg 
/ 1 、 { 1 TO 32768 
I SOLVENT CDC13 
此 g 1。； 
^ i f W | | . SWH 5 0 0 0 0 . 0 0 0 Hz 
^ ™ L FIDflES 1.525879 Hz 
1 【 ？ ^ \ AQ 0.3277300 aec ， r ^ I RG 1明 
"T|^ OH 10.000 U3ec 
i^fe oe 14.29 usac 
' ' % I TE 300.0 K 
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卿 iiB NMR spectra of [Ln(C2B9Hn)n]^''" (n = 1 or 2) 
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"B NMR spectra ofNa2[C2B9Hn] and [La(C2B9Hu)2r 
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